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MOLECULAR ECOLOGY AND MANAGEMENT OF NUISANCE AND INVASIVE 
MARINE SPECIES: 
 Chrysaora chesapeakei, Moerisia sp., and Gonionemus vertens 
by Dena J. Restaino  
Ecological communities are under constant pressure from anthropogenic disturbances.  
Marine and estuarine systems are affected by human use and development of both coastal land and 
the surrounding water.  One consequence of this use is the deterioration of water quality, which 
can lead to changes in community structure and a loss of species richness.  Another effect of 
increased usage of marine water ways in the introduction of invasive species.  These non-natives 
also have the ability to change community structure and reduce ecosystem services.  In particular 
cnidarians are able to thrive in degraded systems in part owing to their ability to tolerate low levels 
of dissolved oxygen and their bipartite life-history.  Cnidarians are also easily transported long 
distances often through commercial shipping and aquaculture.  
New Jersey waters have seen large populations of nuisance and invasive cnidarian species 
in recent years.  In the past few years there have been two documented hydrozoan invasions into 
New Jersey estuaries.  Moerisia sp. polyps were collected on settling plates from Barnegat Bay, 
New Jersey deployed in 2014.  These polyps were identified molecularly using universal cnidarian 
primers for the 16S mitochondrial locus.  This was the first description of this species, a known 
invasive, in New Jersey waters.  Another invasive species found in New Jersey and documented 
in 2016 is Gonionemus vertens, a known invasive native to the North Pacific, with populations 
that occur along the East Coast of the United States.  In order to determine if this population was 
an expansion of those found in New England or a unique invasion, individuals were collected from 
 v 
 
two locations in Connecticut, one location in Massachusetts, one location in France, and from the 
only known New Jersey population.  These individuals were analyzed at both the 16S and COI 
mitochondrial loci, from these sequences Neighbor-joining trees were created.  These trees suggest 
that the New Jersey population is more closely related to the French/Mediterranean population 
than any of those from New England.  
With populations of hydrozoans increasing and invasive species entering systems 
continually, the need for effective management strategies is critical.  Aeolid nudibranchs are one 
of only a few known cnidarian predators and present a unique opportunity for studying what 
species of cnidarians they are consuming, as they retain the cnidocysts of their prey.  Exploiting 
this unique ability, total DNA was extracted from nudibranchs collected on settling plates from 
Barnegat Bay, New Jersey in 2014.  Using cnidarian specific primers for the 16S mitochondrial 
locus and primers specific for Chrysaora chesapeakei (a common nuisance species in these 
waters), it was determined that aeolid nudibranchs in this system are consuming cnidarian polyps 
of both C. chesapeakei and the invasive Moerisia sp.  This technique can also be used as a 
mechanism for locating cryptic cnidarian polyps, which is important as the polyp stage is the most 
critical in producing persistent populations of cnidarian species.  
Therefore, this dissertation explores the ability of molecular ecology to contribute to the 
management of nuisance and invasive species in marine and estuarine systems.  
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PREFACE: INTRODUCTION TO MOLECULAR ECOLOGICAL APPROACHES TO 
ENVIRONMENTAL MANAGEMENT 
 
Marine systems are under constant pressure from anthropogenic stressors.  To a large 
extent, many of these stressors are interconnected and build on naturally occurring stressors, 
making the exact cause of changes within communities hard to specify (Elliot & Quintino, 2007).  
On a broad scale, anthropogenic perturbation of a system will result in both biotic and abiotic 
changes.  These changes include decreased biodiversity, loss of ecosystem services, increased 
competition for resources, alteration of community structure, habitat alteration/fragmentation, 
species range expansion and/or recession, and loss of genetic diversity (Warwick & Clarke, 1993; 
Occhipinti-Ambrogi & Savini, 2003). 
Changes within a community or system are often easier to assess on a macroscopic scale, 
however, these assessments often cannot fully measure the health of a species or community 
(Rombouts et al., 2013).  As such, ecological studies now commonly incorporate molecular 
techniques to help elucidate changes within populations and communities (Manel & Holderegger, 
2013).  Molecular techniques can be used to assess the genetic diversity within a population and 
relate the populations to each other.  This is important as the interplay between species in a 
community is a vital component to understanding ecosystem health and creating effective 
management techniques (Selkoe et al., 2015).  
Molecular techniques can also aid in the identification of cryptic organisms or early life 
history stages where size often precludes morphological identification (Dong, Liu, & Liu, 2015). 
Species identification at all life history stages is essential to the complete understanding of 






Understanding the overall health of a system is needed to prioritize management efforts.  
This includes helping to create policies, which ensure that vulnerable species are not lost from the 
system as a result of anthropogenic perturbation, such as land use changes, nutrient loading, and 
habitat modification.  Using techniques like those in molecular ecology can help determine, which 
species within a community are most at risk of being lost or dramatically reduced, which in turn 
can help focus conservation efforts towards the organisms that are most in need of protection or 
conservation efforts.  Ecological techniques can also be used to evaluate the success of current 




































CHAPTER 1: Who’s lurking in your lagoon? First occurrence of the invasive hydrozoan 
Moerisia sp. (Cnidaria: Hydrozoa) in New Jersey, USA 
 
Abstract 
 Coastal estuaries represent areas of high biological invasions by virtue of their economic 
importance as ports.  We report on the first occurrence of the non-native hydrozoan Moerisia sp. 
in coastal New Jersey, USA.  Through the use of artificial settling plates, several diminutive, 
unknown cnidarian polyps were isolated. Initial morphological assessment indicated that two of 
the unknown polyps were keyed to Moerisia.  We then used universal cnidarian primers to amplify 
and sequence the 16S rDNA mitochondrial locus for molecular identification.  Upon evaluation 
and editing of sequences, two of the unknown polyps were identified as belonging to a group of 
unresolved Moerisia sp. taxa (>99% homology).  Additionally, polyps of Chrysaora and Aequorea 
were also identified from settling plates.  The presence of Moerisia sp. in Barnegat Bay is the 
second recent documentation of an invasive hydrozoan in New Jersey and suggests that there may 
be other undescribed hydrozoans in this region that have yet to be been recognized, especially 




Changes to marine communities are often driven by complex anthropogenic stressors such 
as eutrophication, coastline modification, and urbanization.  In particular, coastal development 
related to shipping and commerce presents opportunities for non-native species to be transported 
to new locations and become established (de Castro, Fileman, & Hall-Spencer, 2017).  Many 
gelatinous zooplankton have life histories which allow them to successfully invade and remain 
undetected (Wintzer et al., 2011b).  Cnidarians are well documented to have invaded marine 
systems globally (Graham & Bayha, 2008; Bayha & Graham, 2014), because they have the ability 






2012).  Cnidarians also have a higher tolerance to hypoxia (Miller & Graham, 2012), leading to 
their ability to thrive in impaired coastal systems. The bipartite life history of many small 
cnidarians makes it extremely difficult to identify invasions when the critical life history stage is 
the polyp.  Only through thorough investigations of potential polyp habitats can the diminutive 
polyp stages be collected and identified.  Additionally, the presence of many invasive species 
which are small or cryptic often go undetected, since their presence and impact on the invaded 
community is minimal or they are indistinguishable from native species (Migleietta & Lessios, 
2009; Muha, Teodosio, & Ben-Hamadou, 2017).   
Settling plates are an effective tool for detecting the presence of invasive species in aquatic 
systems (Marraffini et al., 2017).  Unfortunately, the limited space available for colonization 
results in plates often being populated by organisms with high reproductive output.  However, 
frequent short-term sampling can minimize space monopolization and allow for the detection of 
cryptic species. Many cnidarian species have high reproductive rates, yet the ability to locate 
polyps within a system remains difficult even with the use of settling plates.  This may be due to 
the small size and morphological variability displayed by many cnidarian polyps (Graham & 
Bayha, 2008).  As a result, diminutive species present on settling plates may be misidentified as 
native or already established invasive species.  Therefore, fouling organisms like hydrozoans and 
other diminutive cnidarian species are ideal candidates for molecular identification, as genetic 
variability is often the easiest and most accurate way to distinguish cryptic organisms (Meek, et 
al., 2013; Chiaverano, Bayha, & Graham, 2016; Bayha, Collins, & Gaffney, 2017). 
Within the literature there is speculation that the Moerisia species are not fully described, 
and they need both taxonomic and molecular resolution (Rees & Gershwin, 2000); as such much 






to tolerate a wide variety of environmental conditions including wide salinity and temperature 
ranges (Rees & Gershwin, 2000).  Moerisia inkermanica (Paltschikowa-Ostroumova, 1925) is a 
small hydrozoan, believed to be native to the Black Sea (Rees & Gershwin, 2000; Gravili et al., 
2013).  This species is a known invasive with documented occurrences in the North Eastern 
Atlantic, North Sea, Mediterranean Sea, Southern Atlantic, and Indo-Pacific (Mills & Rees 2000).  
Like many cnidarians, M. inkermanica has a complex life history that involves both a benthic 
polyp phase and a planktonic phase with free-swimming medusa.  As it shares characteristics with 
other species in the genus, discrepancies of identification are bound to occur in areas where it or 
sister species have invaded.  Consequently, the uncertainty about taxonomic identification among 
species within the genus has led many scientists to reduce taxonomic certainty to the genus level 
(Mills & Rees, 2000).  In some cases, the morphological features of individuals have been 
unresolved as matching type specimens, with the unresolved individuals being clumped as 
Moerisia sp. (Wintzer, Meek, & Moyle, 2011a).  Moerisia lyonsi is another member of the genus 
which has been described from the mid-Atlantic region of the United States (Calder, 1971; Ma & 
Purcell, 2005), but genetic matches from more recent Chesapeake specimens match those of 
Moerisia sp. from San Francisco, CA (Meek et al., 2013).  Consequently, the uncertainty in 
taxonomic resolution, coupled with wide-ranging invasive qualities of Moerisia, lead to the 
potential of numerous invasion pathways for this genus.  The objective of this research was to 
detect and identify unknown hydrozoan polyps from settling plates collected in New Jersey. 
 
Methods 
Barnegat Bay, New Jersey (N 39.910911, W -74.139141) is a shallow estuary in the Mid-
Atlantic region of the United States. Long barrier islands protect the bay from direct oceanic forces, 






distribution of cnidarian polyps, settling plates consisting of oyster shells and vinyl bulkhead 
material were deployed at two-week intervals in Barnegat Bay during July and August 2014. These 
plates were initially used to assess the spatial and temporal distribution of recruiting Chrysaora 
chesapeakei (formerly quinquecirrha) (Bayha, Collins, & Gaffney, 2017) polyps within this region 
(Soranno, 2016).  However, the recent identification of the invasive hydrozoan Gonionemus 
vertens in New Jersey estuaries (Gaynor et al., 2016), prompted a reevaluation of these preserved 
settling plates to see if any polyps of G. vertens or other hydrozoan polyps were present.   
In 2017, ethanol preserved plates were re-examined for cnidarian polyps.  Plates from 
August 2014 yielded nine unidentified polyps, which were isolated for morphological and 
molecular evaluation. These isolated polyps were examined and photographed for morphological 
comparisons, prior to DNA extraction.  Morphological identification included close examination 
of external features, including number and arrangement of tentacles, shape of the hydranth, and 
location of medusa buds and keyed using Boillon et al. (2004) and Schuchert (2010).  As polyps 
were preserved, tentacles were generally contracted, but medusa buds were present at the margins 
of the polyp (Fig. 1).  These polyps had between 7-9 moniliform tentacles, and an extended 
hyposome strongly resembling the Moerisia inkermanica polyps described in Schuchert (2010).  
After visual inspection, isolated polyps were placed into sterile 1.7 ml microcentrifuge tubes with 
100 µl of sterile 5% (w/v) Chelex® 100 mesh particle size 150-300 µM (Bio-Rad Laboratories, 









Figure 1. Variable morphology of polyps removed from settling plates in Barnegat Bay, New 
Jersey identified as Moerisia sp.  A) Polyp (MG575535) with extended tentacle, showing similar 
morphology to Fig. 58 (Moerisia inkermanica Paltschikowa-Ostroumowa, 1925), Drawing E from 
Schuchert (2010). B) Polyp (MG577736) with contracted tentacles, resembling the morphology 
depicted in Fig. 58 (Moerisia inkermanica Paltschikowa-Ostroumowa, 1925), Drawing D from 
Schuchert (2010).  
 
DNA extraction was performed in accordance with the methods of Walsh, Metzeger, and 
Higuchi (1991), modified for optimization.  Samples were boiled (100oC) in a water bath for 10 
minutes, vortexed for 30 seconds, and then cooled on ice for 2 minutes.  Samples were then 
vortexed again for 30 seconds.  After the second round of vortexing, samples were centrifuged at 
14,000 x g for 10 minutes and the supernatant removed and stored at -20oC.  PCR was carried out 
in 20 µl reactions using ChoiceTaq Master Mix (2X) (Denville Scientific, Denville, New Jersey, 
USA).  Universal Cnidarian primers designed for 16S rDNA (originally described by Bridge et al., 
1992), Forward (UCF) 5’-TCGACTGTTTACCAAAAACATAGC-3’and Reverse (UCR1) 5’- 
RCGGAATGAACTCAAATCRTGTAWG-3’, modified by Restaino (2013) to include three 
degeneracies, which increase the number of cnidarian species amplified by these primers, were 
used to characterize each unidentified polyp sample.   
PCR was performed in a VeritiTM 96-Well thermal cycler (Applied Biosystems Inc.) 
according the parameters described in Gaynor et al. (2016).  In addition to experimental samples, 






PCR, 10 µl of PCR products were run on 1% (w/v) agarose gels to confirm reaction success and 
verify the size of the amplicon produced. Sanger-dideoxy sequencing was then performed in-house 
on successful reactions.  Sequencing products were generated for both the forward and reverse 
strands, using the same primers that produced the PCR amplicons. Sequencing was completed on 
an ABI 3130 Genetic Analyzer using BigDye Terminator Ready Reaction Mix V3.1 following the 
manufacturer’s protocol.  Forward and reverse sequence data were aligned and edited using 4Peaks 
(http://nucleobytes.com/4peaks/index.html). Edited sequences were searched against known 
sequences in Genbank using BLAST (Altschul et al., 1990).  Once taxonomic identifications were 
verified, DNA sequences were entered into GenBank.  
 
Results 
 Of the nine polyps isolated, six produced PCR amplicons sufficient for DNA sequencing. 
Analysis of the DNA sequences in Genbank BLAST revealed that none of the polyps isolated from 
the settling plates were those of G. vertens.  However, sequence data generated from these polyps 
indicates that three cnidarian genera were present in the samples: Chrysaora, Moerisia, and 
Aequorea.  Additionally, the morphological assessment indicated that two polyps were 
characteristics of Moerisia but did not display morphological features allowing for complete 
discrimination to the species level.  Two polyps were identified as Chrysaora chesapeakei 
(formerly quinquecirrha), with edited sequences matching at 99% with 595/596 identities 
(Accession #: MG575537) to GU300724.2 and 99% to MF141718.1 with 573/575 identities.  The 
second C. chesapeakei polyp (Accession #: MG575538) matched at 100% to multiple C. 
chesapeakei sequences including MF141661.1 and MF141660.1 both with 584/584 identities.  
Two polyps (Accession #s: MG575539 and MG575540) showed high levels of homology to 






(533/555 identities) to JQ716017.1.  Lastly, two polyps (Accession #s: MG575535 and 
MG5735536) showed high sequence homology with several samples identified as Moerisia sp. 
and Moerisia inkermanica.  Both samples showed 99-100% homology to all Moerisia sp. and 
Moerisia inkermanica 16S mitochondrial rDNA sequences available in Genbank (Table 1).   
 
Table 1: Homology comparisons of the two Moerisia sp. polyps (MG575535, MG575536) to 
Moerisia inkermanica and Moerisia sp. 16S mitochondrial rDNA sequences in Genbank.   
* = noted as a voucher specimen in Genbank.  **= Location surmised from GenBank data, 
although specific location is not provided in the records.  







Brazil KT266626* Moerisia inkermanica 99% 573/575 99% 571/573 
California EU876555 Moerisia sp. 99% 573/575 99% 571/573 
California KX355402 Moerisia sp. 100% 568/568 99% 565/596 
California AY512534 Moerisia sp. 99% 511/512 99% 506/508 











The identification and location of cnidarian polyps is an important component to 
understanding the life-history and distribution of these organisms. However, the cryptic nature of 
many hydrozoan and scyphozoan polyps leads to difficulty in locating their benthic phases 
(Wintzer et al., 2011b).  Additionally, some hydrozoans have highly variable benthic forms, which 
can make identification based on morphology alone problematic (Cartwright & Nawrocki, 2010).  
The presence of invasive Moerisia sp. from our settling plates suggests that the distribution of this 
species may truly be cosmopolitan, as it has been documented in coastal areas around the world 






systems has led to the increased distribution of non-native species, particularly in areas that are 
highly populated or occur along shipping routes (Purcell, Uye, & Lo, 2007; Graham & Bayha, 
2008; Rodriguez et al., 2014; de Castro, Fileman, & Hall-Spencer, 2017). The presence of multiple 
Moerisia sp. polyps on these settling plates suggests that this hydrozoan has an established 
population within Barnegat Bay, New Jersey.  While this water body does not host any significant 
ports that include international shipping, it is approximately 75 km from the Port of New York and 
New Jersey.  This commercial port is the largest on the East Coast of the United States and the 
third largest in the country.  Under some wind conditions, the outflow (i.e., Hudson River plume) 
from this harbor travels along the coast of New Jersey and directly past Barnegat Bay (Choi & 
Wilkin, 2007) providing a potential mechanism for transport of invasive species from ships and 
recreational watercraft visiting the port.  
Interestingly, the M. inkermanica invasion in Brazil was documented in close succession 
to other invasive hydrozoans including G. vertens and Blackfordia virginica (Nogueira & De 
Oliveira, 2006; Rodriguez et al., 2014) and G. vertens was first identified in New Jersey in 2016 
(Gaynor, et al., 2016). This suggests that the mechanisms by which these species are transported 
globally may be linked (Bayha & Graham, 2014). Remarkably, the sequence data generated from 
the polyps identified as Moerisia sp. show a great deal of homology to M. inkermanica sequences 
from Brazilian populations (Maronna et al., 2016), but also show remarkable identity for Moerisia 
sp. from California and the Chesapeake Bay (Table 1).  Given the proximity of Barnegat Bay, New 
Jersey to the Chesapeake Bay, it is quite possible that Moerisia sp. may have been introduced into 
New Jersey from the Chesapeake area or other invasion pathways (e.g. New York Harbor) could 
have seeded the Mid-Atlantic region of the United States.  While these polyps show a strong 






the polyps more closely resemble those of M. inkermanica.  Since M. lyonsi, is the only identified 
Moerisia species currently described in the Mid-Atlantic region, one possibility is that M. lyonsi 
and M. inkermanica may not be completely independent species, but rather show a great deal of 
morphological plasticity complicating their identification. This is supported by the homology of 
M. lyonsi and Moerisia sp. at the ITS1 loci described in Meek et al. (2013) and agrees with our 
16S data (Table 1).  One puzzling and unresolved question from our work are the two polyps 
identified as members of the genus Aequorea.  They do not share significant homology with the 
two endemic species of Aequorea (A. forskalea and A. macrodactyla) and their closest match is 
with A. australis, native to the Pacific Ocean. This may suggest yet another undescribed species 
in this region or potentially an additional invasive species requiring further investigation.   
The discovery and record of Moerisia sp. occurrence in Barnegat Bay is the second recent 
documentation of an invasive hydrozoan in New Jersey waters.  These recent identifications 
suggest that there may be other undescribed hydrozoans in this region that have yet to be 
recognized, due to their cryptic and diminutive size.  Additionally, hydrozoan species have been 
historically neglected when describing organisms from a particular region, creating a likelihood 
that there are many species present that have not been described.  The recruitment of Moerisia sp. 
polyps to settling plates reinforces the strength and utility of this technique for monitoring fouling 
organisms, especially those with cryptic benthic life history phases and supports the need for more 







CHAPTER 2 : Molecular Identification of Nudibranch Predation on Cnidarians 
Abstract 
Nudibranchs represent a key predator for cnidarian polyps as they obtain not only trophic 
resources, but also bio-mechanical defenses.  Through the process of kleptocnidae, nudibranchs 
retain the cnidocysts as a defense mechanism by translocating cnidoblasts (containing cnidocysts) 
to their cerata.  As these cells retain their DNA, they preserve a record of nudibranch diet beyond 
simple digestive track analyses.  We collected aeolid nudibranchs in the field and using Cnidarian 
primers, we amplified sequences for 16S rDNA from grouped individuals.  Our results showed 
that cnidarian DNA was present in over half of our samples with positive identification of Obelia 
bidentata, Moerisia inkermanica, and Chrysaora chesapeakei.  While O. bidentata and C. 
chesapeakei are common in this system, the identification of the non-native M. inkermanica 
demonstrates that molecular techniques can be used to ascertain invasions of extremely diminutive 
cnidarian polyps in coastal regions.  Lastly, four of the samples showed amplification using the 
cnidarian primers identifying three nudibranch genera (Tenellia sp., Bosellia sp., and Ercolania 
sp.).  This evidence suggests to the potential of lateral gene transfer between cnidarians and 
nudibranchs, similar to that seen between nudibranchs and algae where chloroplast kleptoplasty 
has led to the incorporation of cpDNA into the nudibranch nuclear DNA.  Consequently, there is 
great value in using amplified 16S rDNA from nudibranch kleptocnidae as a tool to identify 
Cnidarian polyp populations and potentially identify non-native cnidarian species invading global 
coastal regions.  It has also opened the possibility that independent lateral gene transfer has evolved 









The occurrence of jellyfish blooms in coastal regions has been known to disrupt ecosystems 
and pose a risk to human health and recreation (Purcell, Uye, & Lo, 2007; Richardson et al., 2009; 
Brodeur et al., 2016; Tilves, et al., 2016).  Whether or not jellyfish blooms are rising globally 
remains to be determined (Condon et al., 2012; Gibbons & Richardson, 2013), but it has been 
documented that certain areas have become susceptible to annual or repeated jellyfish blooms 
(Decker et al., 2007; Uye, 2008).  Jellyfish life history dichotomy dictates that critical assessments 
of species and their potential impacts on communities requires that both medusa and polyp stages 
be addressed.  While medusae are known to impact aquaculture (e.g., salmon pens) (Purcell, Uye, 
& Lo, 2007; Baxter et al., 2011), infrastructure (Seshadri et al., 2000; Mills, 2001; Purcell, Uye, 
& Lo, 2007), and tourism (Purcell, 2012), little is known about the role that polyps play at the 
community level.  However, it is well recognized that robust polyp populations are necessary to 
establish blooms of adults (Prieto et al., 2010), but identifying polyp populations in the field has 
proven to be a daunting challenge due to their diminutive size.  Nevertheless, a polyps’ ability to 
asexually clone itself and generate resting podocysts (Thein, Ikeda, & Uye, 2013) ensures future 
generations of medusa and may, in fact, be the critical life history stage which dictates many 
coastal populations.  Consequently, if a management strategy does not address the polyp stage in 
terms of population control, regions will continue to be subjected to recurrent blooms. 
The primary driving factors promoting jellyfish populations often relate to human activities 
including overharvesting, urbanization, eutrophication, and introduced species (Duarte et al., 
2013).  Among these, urbanization and eutrophication play a critical role in enhancing 
environmental conditions which favor jellyfish.  While eutrophication fuels elevated production 






through concentration of prey above hypoxic waters (Breitberg, 2002) and increased capture 
efficiency of stressed prey (Breitberg et al., 1997).  However, eutrophication may also have an 
indirect impact by eliminating competitive interactions for space at the polyp life history stage.  
Cnidarian polyps require hard substrates to survive and strobilate.  While natural hard substrates 
for polyps exist within systems, urbanization has generated substantial artificial substrate (e.g., 
docks, bulkheads) which can greatly enhance polyp populations.  Though these new substrates can 
serve as potential habitat for a wide variety of species, the reduced dissolved oxygen from 
eutrophication limits survival by many species, leaving the hypoxic tolerant polyps an opportunity 
to recruit and expand through asexual reproduction (Condon, Decker, & Purcell, 2001; Sorrano, 
2016) in a ‘winning by default’ strategy.  Consequently, the elevated development has yielded 
significant polyp habitat with few competitors for space and as a result, polyp densities have been 
shown to exceed 10,000 m-2 (Sorrano, 2016).  Therefore, these regions serve as substantial sources 
of ephyrae leading to blooms of adults (Gaynor et al., 2017).   
One factor that may help control polyp populations is predation.  Aeolid nudibranchs are 
known to be natural predators of cnidarian polyps including scyphozoans (Hernroth & Gröndahl, 
1985; Gröndahl, 1988; Keen, 1991; Hoover et al., 2012), hydrozoans (Glaser, 1910; Todd, 1981; 
Greenwood & Mariscal, 1984), anemones (Glaser, 1910; Garese et al., 2012), and corals (Harris, 
1975).  Aeolids are also known to sequester unfired and often immature cnidocysts consumed from 
their prey in a process known as kleptocnidae (Martin, 2003; Greenwood, 2009; Garese et al., 
2012).  These nematocysts, or cnidoblasts harboring nematocysts, are then translocated to the 
cnidosac, a structure at the apex of the cerata where they may act as a predation deterrent 
(Edmunds, 1966; Harris, 1973; Aguado & Marin, 2007).  Therefore, kleptocnidae provides a 






robust assessment of diet, as nudibranch species are capable of retaining cnidocysts/cnidoblasts 
for a period ranging from days to weeks (Grosvenor, 1903; Edmunds, 1966; Greenwood & 
Mariscal, 1984; Goodheart & Bely, 2017).  Molecular identification of stomach contents has been 
successfully performed on marine invertebrates and has yielded great insight into the feeding 
behavior and trophic interactions of predators (Meredith, Gaynor, & Bologna, 2016).  However, 
assessing the cnidarian molecular signature of aeolid nudibranchs integrates both current and past 
predation events, and could therefore be used to identify cnidarian polyp populations in the field.   
The objectives of this research were to 1) ascertain the veracity of using universal cnidarian 
primers to extract, amplify, and retrieve usable DNA sequences and 2) determine the taxonomic 




In 2014, a series of settling plate arrays were deployed in Barnegat Bay, New Jersey (Fig. 
2).  Settling plates comprised of oyster shells and vinyl bulkhead material were deployed below 
the low tide line in five residential lagoons in June, with replacement biweekly until August.  
During collection events, vinyl bulkhead and shells were removed, placed in ambient sea water, 
and transported live to Montclair State University.  Upon return, samples were processed live to 
identify and quantify sea nettle (Chrysaora chesapeakei, formerly quinquecirrha, Bayha, Collins, 
Gaffney, 2017) polyps and nudibranchs, with additional sessile organisms identified generally (see 
Sorrano 2016 for details).  Settling plates were then preserved in ethanol and stored.  In 2015, these 






of cnidarians.  Thirty-nine sampling arrays possessed nudibranchs and were used to evaluate 
cnidarian DNA.   
 
Figure 2. Settling plate collection sites in Barnegat Bay, NJ.  Northwest (NW) N: 39.937617 
W: -74.156017, Northeast (NE) N: 40.04202 W: -74.050451, Northwest 2 (NW2) N: 
39.911297, W: -74.138498, Southeast (SE) N: 39.695199 W: -74.141468, Southwest (SW) N: 











Molecular Analysis of Cnidarian DNA from Nudibranchs 
 
Isolated nudibranchs were rinsed in triplicate with artificial seawater to remove any 
surficial trace DNA from the settling plate storage jars.  Then, all aeolid nudibranchs, regardless 
of species, from a single set of plates were pooled and placed into a sterile 1.5ml microfuge tube 
(n= 1 to 68 in a jar), covered with molecular grade EtOH, and stored at -80oC until DNA extraction.  
DNA was extracted from the pooled nudibranchs in a single tube following a CTAB/NaCl method 
described by Winnepenninckx, Backeljau, and Dewatcher (1993) with modifications described by 
Gaynor et al. (2016).  Once precipitated, DNA concentrations and OD260/280 were measured on a 
NanoDrop spectrophotometer (ND-1000).  DNA was amplified using modified primers targeting 
16S rDNA (Restaino, 2013) which were developed as “Universal Cnidarian” primers by Bridge et 
al., 1995 (Table 2).   Modifications to the reverse primer include a change in the first base at the 
5’ end switching a thymine for an “R” which produces primers with either an adenine or guanine 
in this position.  Additionally, another redundancy was included in the second to last base at the 
3’ end; here an adenine was changed to a “W” generating primers with either an adenine or a 
thymine in this position.  It should be noted that these primers do not amplify all cnidarian species 
and are capable of cross amplifying other invertebrate species.  Additionally, C. quinquecirrha 
primers developed by Bayha and Graham (2009) and modified by Restaino (2013) were also used 
on the extracted samples (Table 2); modifications to this reverse primer include the addition of a 
guanine in the first position of the primer at the 5’ end and the addition of a cytosine and thymine 
at the 3’ end. PCR reactions (20 µl total volume) were run using Denville Choice Taq Master Mix 
(2X; Denville Scientific, Denville, New Jersey, USA) according to the manufacturer’s protocol.  
PCR amplification was performed on an ABI Veriti 96 well thermocycler using the following 






seconds), 72oC (10 minutes), and held at 4oC.  PCR amplification was checked by running samples 
on a 1% agarose gel. Successfully amplified samples were then sequenced (Sanger Dideoxy) using 
an ABI 3130 genetic analyzer, via the Big Dye Terminator Ready Reaction Mix V3.1 on diluted 
(1/16) reactions following the manufacturers protocols. Raw sequences were edited and aligned 
using 4Peaks (http://nucleobytes.com/4peaks/index.html) and CLUSTAL Omega (Sievers et al., 
2011; http://www.ebi.ac.uk/Tools/msa/clustalo/) and searched for homology against all known 
genetic sequences using the BLAST algorithm (Altschul et al., 1990). 
 
Table 2: PCR Primer Sequences used to identify taxa from pooled nudibranch samples.  Reverse 
sequences for both the Universal Cnidarian (UC) and Chrysaora quinquecirrha (CQ) were 
modified and optimized by Restaino (2013). 
Primer Name  Primer Sequence Reference Source 
UCF 5’ –TGTCACCTAATTAGTGAATGGT – 3’ Bridge et al., 1995 
UCR1 5’–RCGGAATGAACTCAAATCRTGTAWG – 3’ Restaino, 2013  
   
CQF 5’ – TCGACTGTTTACCAAAAACATAGC – 3’ Bayha & Graham, 2009  
CQR1  5 – GCCCCAACCAAACTGTCTTA – 3’ Restaino, 2013  
 
Results 
Nudibranch extracted DNA analyses yielded 12 samples out of 39 (31%), which 
successfully amplified using either the Universal Cnidarian or C. quinquecirrha primers.  All taxa 
identified from these 12 samples were matched to sequences in Genbank with a minimum 
homology of 87% for genera and a 98% homology match for species (Table 3).  Among the 
samples that amplified, Obelia bidentata was the most commonly identified occurring in 6 of 12 
samples (Table 3).  Another hydrozoan species, Moerisia inkermanica, was identified in two 
samples and C. quinquecirrha DNA was identified from two samples.  In addition to cnidarian 
species, nudibranchs species were also identified including Tenellia sp. (formerly Catriona sp. 






sp.  Nudibranch matches occurred at 88% homology or greater, while cnidarian matches exceeded 
98%.  Additionally, there was a strong relationship between species identified on the settling 
plates/shells and the DNA identified from in the aeolids associated with these plates.  83% of 
samples where hydroids were identified on settling plates, hydroid DNA (O. bidentata or M. 
inkermanica) was successfully identified through molecular analysis (Table 3).  Furthermore, C. 
quinquecirrha polyps were only identified on two sets of settling plates also containing 
nudibranchs, of these only one showed amplification of C. quinquecirrha DNA (Table 2).
   
 
  
Table 3. Settling plate characteristics and molecular identification of species from nudibranch DNA samples. Nudibranchs = Number 
of nudibranchs collected from plates and present in the extracted sample, Observed Cnidarians = Species identified on plates after 
collection.  † Recently reclassified to C. chesapeakei (Bayha, Collins, & Gaffney, 2017). ‡ Nudibranch species. 
 
Plate Characteristics Molecular Identification 








NE 7/31/14 Hydroids Tenellia adspersa ‡ 0.0 99% KY128876 MG882079 
NE 8/14/14 Hydroids Obelia bidentata 0.0 99% KX665313 MG882105 
NE 8/14/14 Hydroids Obelia bidentata 0.0 99% KX665313 MG882123 
NW 7/9/14 Hydroids Bosellia sp. ‡ 1e-126 87% HQ616834 MG882124 





















































SE 8/28/14 Hydroids Obelia bidentata 5e-81 98% KX665311 MG882121 
SE 8/28/14 Hydroids Obelia bidentata 0.0 99% KX665313 MG882119 
SW 7/23/14 Hydroids Obelia bidentata 0.0 99% KX665313.1 MG882117 
SW 8/6/14 Hydroids Tenellia adspersa ‡ 0.0 99% KY128875.1 MG882125 








Nudibranchs are an unusual group of taxa that have evolved the mechanism to consume 
and utilize both chloroplasts (Rumpho, Summer, & Manhart, 2000; Pelletreau et al., 2011; Pierce 
et al., 2011) and nematocysts (Garese et al., 2012; Goodheart & Bely, 2017).  For species that feed 
on cnidarians and sequester nematocysts, this characteristic provides a unique opportunity to assess 
diet, because they can retain these structures intact for several weeks (Grosvenor, 1903; Edmunds, 
1966; Greenwood & Mariscal, 1984; Goodheart & Bely, 2017).  Our results demonstrate that we 
were able to successfully extract and amplify cnidarian DNA from aeolid nudibranchs (Table 3) 
and this is the first study to evaluate their in-situ diet.  Molecular sequencing of wild aeolid 
nudibranchs collected from Barnegat Bay, NJ has confirmed the predation of three sessile 
cnidarian species from either the digestive contents or the cerata of collected nudibranchs.  Obelia 
bidentata is a commonly occurring hydroid species in Mid-Atlantic estuaries and has the ability to 
quickly colonize available space (Guenther & De Nys, 2006) and likely contributed to its frequent 
consumption.  The molecular identification of C. quinquecirrha DNA in wild nudibranchs 
demonstrates active consumption in the field and supports laboratory observations of aeolid 
predation on polyps of this species (Bologna unpubl. data).  The low relative prevalence of C. 
quinquecirrha in samples compared to other hydroids may be a reflection of the two-week 
recruitment and metamorphosis window of their larvae to settling plates, but also reflects a 
significant population reduction in C. quinquecirrha following Hurricane Sandy (Bologna et al., 
2018).  Regardless, aeolid nudibranchs may provide a potential biological control for polyps of 
this nuisance species, which has altered pelagic trophic structure (Bologna et al., 2017) and 






Two unexpected results from our work are the amplification of non-cnidarian sequences 
and the identification of a non-native cnidarian.  Specifically, two genera of nudibranchs were 
confirmed and include the aeolid Catriona spp. [Family Tergipedidae, potentially synonymous 
with the Cuthona] and the sacoglossan Ercolania spp. [Family Stiligeridae].  Species belonging to 
both of these genera are known to occur within this region and include Cuthona aurantia, Cuthona 
concinna, and Ercolania fuscata (Franz, 1970; Marcus, 1972). Amplification of these mollusks 
likely occurred because of similarities between the universal cnidarian primers and regions of 16S 
mitochondrial genome.  It is important to note that this cross amplification resulted in a smaller 
amplicon than those produced by cnidarian species (Table 3), likely as a result of the primer 
binding in a different location.  That being said, early work on sacoglossans and their algal prey 
suggested that lateral gene transfer between predator and prey has occurred (Rumpho, Summer, & 
Manhart, 2000; Pelletreau et al., 2011; Pierce et al., 2011), while later work suggested the DNA 
from prey is acquired after consumption and is maintained extrachromosomally (Bhattacharya et 
al., 2013; Wägele et al., 2011).  Regardless, the potential for a similar evolutionary mechanism 
among aeolid nudibranchs and prey may exist.  However, our current information is too limited to 
confirm lateral gene transfer between cnidarians and aeolid nudibranch species, but this potential 
is worthy of further study.  
The second unexpected result was the amplification and identification of the hydroid M. 
inkermanica (Table 3). This hydroid is native to the Ponto-Caspian region, Black, Azoz, and 
Caspian seas (Casties, Seebens, & Briski, 2016), but has been identified in South America for the 
last decade (Nogueira & De Oliveira, 2006).  Additionally, it has been identified as an invader in 
the Mediterranean (Gravili et al., 2013), the Netherlands (Vervoort & Faasse, 2009), the North Sea 






(Restaino et al., 2018).  This species has also been associated in joint invasions with another 
hydrozoan, Gonionemus vertens, in Brazil (Rodriguez et al., 2014) and G. vertens was first 
recorded in New Jersey in 2016 (Gaynor et al., 2016).  Consequently, it is possible that the same 
transport mechanism which brought G. vertens to New Jersey is responsible for the M. 
inkermanica invasion.  This demonstrates that molecular analysis of nudibranch cerata may 
provide a novel approach for the identification of non-native cnidarians in coastal regions through 
their sequestration of nematocysts.  Additionally, nudibranchs could then be used to identify areas 
where polyps of scyphozoans exist in order to better understand their bi-phasic life history and 
potentially guide management options for the medusa stage by addressing polyp populations.   
The molecular tools used in this study provide valuable insight into the diet of aeolid 
nudibranchs and their predation on sessile cnidarians, which can provide important details for 
studying jellyfish populations and managing jellyfish blooms. These results do more than confirm 
that nudibranchs prey upon cnidarians.  They document the potential that native aeolid species 
may be able to control the population of nuisance cnidarians by polyp consumption and that 
nudibranchs can be used as a proxy to locate polyps.  This second point is of particular importance, 
as the location of polyps of many jellyfish species remains unknown; even for species which bloom 
regularly and are common within a given system.  If blooms within a region become a nuisance, 
then adequate population control will only occur by addressing polyp populations.  Consequently, 
nudibranch can play a dual role in both identifying polyp populations and potentially controlling 








CHAPTER 3: Near or Far: Origins of Gonionemus vertens in New Jersey  
 
Abstract 
Gonionemus vertens, the clinging jellyfish, is an invasive hydrozoan native to the North 
Pacific. This species has successfully entered and become established in many areas around the 
world, with an invasion into New Jersey waters documented in 2016.  Molecular analysis of the 
COI and 16S mitochondrial loci showed six and eight unique haplotypes respectively.  France had 
the highest number of haplotypes present at each locus with four at the COI locus and five at the 
16S locus.  France (Berre Lagoon) shared haplotypes with the New England populations that also 
shared haplotypes with each other; Mumford Cove had three haplotypes present at both loci, 
Venetian Cove had two haplotypes at the COI locus and two at 16S.  New Jersey had only one 
haplotype present at both 16S and COI; this haplogroup was also shared with the French 
population, but none of the New England Populations.    This suggests that the New Jersey 
population is unique from others on the East Coast of the United States and may indicate that the 
New Jersey population arose from a unique introduction.  Overall, the haplotypes shared between 
the Mediterranean and East Coast populations allude to a common ancestor shared between these 
populations.  It also presents the possibility that this species may have invaded the Mediterranean 
first with members of this population transported to the North Western Atlantic in one or 
potentially several introduction events.  
 
Introduction  
Invasive species are known to have substantial impacts on the community structure and the 
economic productivity of ecosystems (Gordon, 1998; Bax et al., 2003).  While there are many 






coastal areas with large commercial shipping enterprises, introductions of non-native species may   
happen as a direct transportation from the invaders native range or may be more circuitous and 
derive from an area of previous introduction (Wasson et al., 2001; Sorte, Williams & Carlton, 
2010).  Further complicating the issue of understanding where these invasive species come from 
is that fact that many invasions go undetected because the species in question is cryptic in nature 
(Restaino et al., 2018) or does not have the extreme community altering impacts typically 
demonstrated by some invasive species (Migleietta & Lessios, 2009; Muha, Teodosio, & Ben-
Hamadou, 2017).  
 Gelatinous zooplankton are excellent invaders owing to their unique life histories, high 
rates of reproduction, as well as dietary and physiological plasticity (Graham & Bayha, 2008; 
Bayha & Graham, 2014).  Most gelatinous zooplankton, including hydrozoans, are tolerant of large 
shifts in salinity and dissolved oxygen, as well as being opportunistic and voracious feeders (Miller 
& Graham, 2012). On a global scale, there have been a number of documented invasions associated 
with hydrozoan species.  In New Jersey alone there have been two documented invasions since 
2016 (Gaynor et al., 2016; Restaino et al., 2018).  The New Jersey invasions were not documented 
as the result of large shifts in community structure, but rather as a result of routine sampling and 
two chance encounters with the highly venomous hydrozoan Gonionemus vertens, also known as 
the clinging jellyfish.  These more silent invasions are equally as important to understand, and they 
have the potential alter biodiversity over time or affect the recreational use of the water.  The latter 
is particularly relevant in the case of clinging jellyfish and other jellyfish with severe or even fatal 
envenomations.  
 In June 2016, G. vertens individuals were collected from two NJ waterways and identified 






of invasions in RI, CT, and NY.  This species has been known from MA for the last century 
(Perkins, 1903), however that population was believed to be the result of an invasion of the 
minimally venomous variety.   It is now suggested that at least two separate invasions have 
occurred along the east coast of the United States comprised of individuals from both the Eastern 
(non-venomous) and Western (venomous) populations (Murbach, 1895; Bakker, 1980; 
Govindarajan & Carman, 2016; Govindarajan et al., 2017), although invasion pathways and timing 
have yet to be clarified.  Individuals from all other New England and Mid-Atlantic populations are 
believed to contain the venomous variety of G. vertens.  
 Given the proximity of New Jersey to these other populations, it was surmised that this was 
likely either a range extension or a local introduction into NJ waters from New England.  With this 
is mind, the origin of the NJ population needs to be determined as NJ is located along a major 
commercial shipping route, raising the possibility that this introduction may be independent of the 




Collection & DNA Extraction 
Whole individuals of G. vertens where collected from Mumford Cove (identified) by either 
Mumford Cove or MUM), Connecticut, Groton Long Point (identified as VC or Venetian Cove), 
Connecticut, Farm Pond (identified as MA or Martha’s Vineyard), Massachusetts, and Monmouth 
Beach/Shrewsbury River (identified by either NJ or New Jersey), New Jersey using dip-nets and 
seines (Fig. 3).  Once organisms were collected, individual tentacles were removed using sterile 
scissors/scalpels/forceps and stored in ethanol.  Tentacles were rinsed individually in artificial 






then placed in sterile 1.5-ml tubes with 75-100µl of Chelex® 100 mesh particle size 150-300 µM 
(Bio-Rad Laboratories, 2000 Alfred Nobel Drive, Hercules, CA 94547) in 50 mM Tris base (pH 
11).  DNA extraction was performed in accordance with the methods of Walsh, Metzeger, & 
Higuchi (1991), modified for optimization. Tentacles in Chelex® were heated at 100oC in a water 
bath for 10-15 minutes.  Following heating, tubes were vortexed for 30 seconds and then spun at 
14,000 x g for 2 minutes.  The supernatant was removed, placed in a sterile 1.5-ml tube, and stored 
at -20oC until PCR was performed.   
Additionally, 30 individuals were collected in Berre Lagoon, France by Guillaume 
Marchessaux (Fig. 3).  Tentacles were removed in France following the above protocol and placed 
in individual 1.5-ml tubes with 70% ethanol and shipped to Montclair State University. DNA 
extraction of these samples was processed in accordance with the samples collected in the US.  
 
Figure 3:  Line map showing the collection sites in this study. (MA= Massachusetts, CT = 









 Gonionemus vertens DNA was amplified at two mitochondrial loci: 16S rDNA and COI.  
Typical reactions containing DNA from individual tentacles were prepared for PCR (20µl total 
volume) as follows: 1µl forward primer, 1µl reverse primer, 10µl ChoiceTaq Master Mix (2X) 
(Denville Scientific, Denville, New Jersey, USA), 6.5µl sterile diH2O, and 1.5µl of template DNA.  
Individual PCR reactions were performed on samples for each locus. Universal Cnidarian primers 
designed for 16S rDNA (originally described by Bridge et al., 1995) and modified by Restaino 
(2013)), were used to amplify samples [Forward 5’-TCGACTGTTTACCAAAAACATAGC-3’; 
and Reverse 5’- RCGGAATGAACTCAAATCRTGTAWG-3’].  The reverse primer (UCR1) was 
modified to include three degeneracies, which increased the number of cnidarian species amplified 
at this locus, additionally, metazoan COI primers designed by Folmer et al., (1994) were used to 
amplify COI sequences [Forward 5’-GGTCAACAAATCATAAAGATATTGG-3’; Reverse 5’-
TAAACTTCAGGGTGACCAAAAAATCA-3’].  PCR was completed in an ABI Veriti thermal 
cycler using the following parameters: 94oC for 1 minutes, 35 cycles of: 94oC for 20 seconds, 55oC 
for 20 seconds, and 72oC for 20 seconds, 8 minutes at 72oC, and then held at 4oC until samples 
were removed.  PCR reactions were checked for successful amplification using agarose gel (1%) 
electrophoresis.  
 
DNA Sequencing & Analysis  
 Samples that were successfully amplified through PCR were submitted for DNA 
sequencing on an ABI 3130 genetic analyzer using BigDye Terminator Ready Reaction Mix V3.1, 
following the manufacturer’s protocol. Both strands of each amplicon were routinely sequenced, 






4Peaks (http://nucleobytes.com/4peaks/index.html) and then run against sequences in Genbank 
using BLAST (Altschul et al., 1990) to check for homology against known sequences of G. vertens 
and Gonionemus sp.  Sequences for each population were aligned using CLUSTAL Omega 
(Sievers et al., 2011) (http://www.ebi.ac.uk/Tools/msa/clustalo/) to determine any unique single 
nucleotide polymorphisms (SNPs) that were present and to ensure that correctness of sequence 
data for that population.  
Phylogenetic Tree Assembly 
Sequences were aligned using Geneious (Multiple Alignments) with the following 
parameters: Global Alignment with free end gaps and a cost matrix of 65% (5.0/-4.0), gap open 
penalty = 12, gap extension penalty = 3, and realignment iterations = 2.    From the sequence 
alignments Neighbor-joining trees were constructed independently for both the 16S and COI locus 
in Geneious using the Tamura-Nei distance model (Tamura & Nei, 1993), Bootstrap resampling 
with 1000 replicates, and a threshold value of 50 to generate a consensus tree.   
 
Results 
 All populations tested had multiple haplogroups present, except for New Jersey, which was 
fixed (Table 4).  More specifically, the French population showed the greatest diversity at both 
loci with five haplotypes at 16S and 4 haplotypes at COI.  This was followed by Venetian Cove, 
which had three haplotypes at each loci and Mumford Cove, which had three 16S haplotypes and 
two COI haplotypes.  Lastly, the Massachusetts population, had two haplotypes for 16S but only 








Table 4: Number of 16S and COI Haplotypes present in populations of G. vertens.  
 
 Five COI haplotypes were identified (Fig. 4), of which two were unique to the French 
population and one was unique to the New England populations.  Of the remaining haplotypes, 
one was present in both the New England and French populations, and one was present only in 
New Jersey and France.  All of the variation at the COI locus was found to be the result of single 
nucleotide polymorphisms (SNPs) and changed only one nucleotide per codon.  All of the SNPs 
present in COI haplotypes resulted in silent mutations, thus having no effect on the functionality 
of the transcript or protein produced.    
FR3            ---------------CCGTAGTATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTA 45 
MA1            --------CTTCCATAGGCTAGCTCGCGTGTGTTACACAGCAATGGTTGGAACCGCTTTA 52 
FR16           ---------------CTAGTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTA 45 
FR4            ---------------CTTTTAGTATTTGGTGTATTTTCAGCGATGGTTGGAACCGCTTTA 45 
FR5            -------------CTGTTAGGCTACCCGGTGTATTTTCAGCAATGGTTGGAACAGCTTTA 47 
VC5            ----GAACATT--ATATTTAGTATTTGGTGTATTTTCCAGCAATGGTTGGAACCGCTTTA 54 
MUMCOVE30      ------ACATT--ATATTTAGTATTTGGTGT-ATTTTCAGCAATGGTTGGAACCGCTTTA 51 
MUMCOVE38      -----AACATTATATTTAGTATTTTGGGTGTATTTTTCAGCAATGGTTGGAACCGCTTTA 55 
VC8            CCGCCAACATTATATTTA---GTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTA 57 
NJ42           -----AACATTATATTTA---GTATTTGGTGTATTTTCAGCAATGGTTGGAACAGCTTTA 52 
                                          *     *   **** *********** ****** 
 
FR3            AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 105 
MA1            AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 112 
FR16           AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 105 
FR4            AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGGGACGATCAAATT 105 
FR5            AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 107 
VC5            AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 114 
MUMCOVE30      AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 111 
MUMCOVE38      AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 115 
VC8            AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 117 
NJ42           AGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATT 112 
               *********************************************** ************ 
 
FR3            TATAATGTTATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 165 
MA1            TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 172 
FR16           TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 165 






FR5            TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 167 
VC5            TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 174 
MUMCOVE30      TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 171 
MUMCOVE38      TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 175 
VC8            TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 177 
NJ42           TATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTT 172 
               *********************** ************************************ 
 
FR3            CTTATCGGAGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCT 225 
MA1            CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 232 
FR16           CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 225 
FR4            CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTACATAGGAGCCCCAGATATGGCT 225 
FR5            CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 227 
VC5            CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 234 
MUMCOVE30      CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 231 
MUMCOVE38      CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 235 
VC8            CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 237 
NJ42           CTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCT 232 
               ***************************** ******** ********************* 
 
FR3            TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTT 285 
MA1            TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTT 292 
FR16           TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTT 285 
FR4            TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTT 285 
FR5            TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTT 287 
VC5            TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTT 294 
MUMCOVE30      TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTT 291 
MUMCOVE38      TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTT 295 
VC8            TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTT 297 
NJ42           TTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTT 292 
               ****************************************************** ***** 
 
FR3            GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCA 345 
MA1            GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCA 352 
FR16           GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCA 345 
FR4            GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCA 345 
FR5            GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCA 347 
VC5            GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCA 354 
MUMCOVE30      GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCA 351 
MUMCOVE38      GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCA 355 
VC8            GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCA 357 
NJ42           GGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCA 352 
               ******************************************** *************** 
 
FR3            GGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCT 405 
MA1            GGAGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCT 412 
FR16           GGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCT 405 
FR4            GGAGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCT 405 
FR5            GGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCT 407 
VC5            GGAGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCT 414 
MUMCOVE30      GGAGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCT 411 
MUMCOVE38      GGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCT 415 
VC8            GGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCT 417 
NJ42           GGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCT 412 
               ************************** ********************  *********** 
 
FR3            GGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 465 
MA1            GGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCA 472 
FR16           GGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 465 
FR4            GGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 465 
FR5            GGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 467 
VC5            GGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCA 474 






MUMCOVE38      GGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 475 
VC8            GGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 477 
NJ42           GGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCA 472 
               ******** ***************************************** ********* 
 
Figure 4.  Clustal alignment of the five haplotypes present at COI locus in sampled G. vertens 
populations.  Haplotypes and their associated SNPs are color-coded so the haplotypes that are 
present in multiple populations can be identified. VC30 was identified in the population as 
representing a unique haplotype found in 2 individuals. 
 
 While the number of individuals with a given haplotype varied by population, there was 
always a single haplotype that was predominant (Clustal Alignments, Appendix 1).  The most 
common COI haplotype represented in Figure 4 (turquoise) was found in 43% (n = 43) of all 
individuals samples; this haplotype was found in three populations: Venetian Cove (n = 18/20) 
and Mumford Cove (n=19/20) where it was the most abundant haplotype, and France (n = 6/20) 
where it was the second most abundant haplotype in the population.  The haplotype represented 
by red in Figure 4 comprised 23% of individuals, which represents the entirety of the 
Massachusetts population (n = 20/20) and a small proportion of the nearby Venetian Cove and 
Mumford Cove populations with n = 2/20 and n = 1/20 respectively.    The yellow haplotype in 
Figure 3 comprised 100% of the New Jersey population (n = 20/20) and 5% of the French 
population (n = 1/20) accounting for 21% of the individuals sampled.  The remaining haplotypes 
are found only in the French populations with the Fuchsia haplotype representing 50% (n = 10/20) 
of the population and the Lime Green haplotype representing 15% (n = 3/20).   
 Based on the COI sequence data a Neighbor-Joining tree was generated (Fig. 5).  The 
information provided by this tree, and the associated distance matrices (Tables 5 & 6) suggest that 
the New Jersey population is most similar to the French population where it shares a COI haplotype 

















Figure 6:  Neighbor-joining phylogram of representative COI haplotypes and their corresponding 
geographic locations. * = Found in both Connecticut locations (Mumford Cove & Venetian 






Table 5: Heat map/Parametric distance matrix for COI Haplotypes based on Tamura-Nei model (Tamura & Nei, 1993). 
 
 









 While there were a similar number of haplotypes present at both loci for an individual population, 
the 16S loci showed a greater diversity for every population except New Jersey (Table 4).  This is 
of interest, as only a small portion ~250bp of the 16S locus was successfully amplified from all 
populations, yet still showed the highest levels of diversity (Fig. 4).   
 
 
NJ45          --------------------------------------------------------ATCT 4 
France5       TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 176 
MUM21         TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 121 
France10      TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 180 
VC5           ----------------------------------------CCTGTCTCATTTATCAATCT 20 
France15      TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 134 
France3       TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 132 
MUM47         TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 122 
VC7           ----------------------------------------------TCGATTATAAATCT 14 
MUM3          TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 118 
Mass1         --------------------------------------------------------ATCT 4 
France16      TTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAATCT 132 
Mass41        -------------------------------------------------------AATCT 5 
VC11          --------------------------------------------------TCCGCAATCT 10 
                                                                      **** 
 
NJ45          AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 64 
France5       AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 236 
MUM21         AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 181 
France10      AGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 240 
VC5           AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 80 
France15      AGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 194 
France3       AGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 192 
MUM47         AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 182 
VC7           AGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 74 
MUM3          AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 178 
Mass1         AGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 64 
France16      AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 192 
Mass41        AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 65 
VC11          AATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCCTAT 70 
              * ********************************************************** 
 
NJ45          AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 124 
France5       AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 296 
MUM21         AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 241 
France10      AGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATTTTAATTAGTATGAAA 300 
VC5           AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 140 
France15      AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 254 
France3       AGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATTTTAATTAGTATGAAA 252 
MUM47         AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 242 
VC7           AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 134 
MUM3          AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 238 
Mass1         AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 124 
France16      AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 252 
Mass41        AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 125 
VC11          AGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATGAAA 130 
              ******************************* **************************** 
 
NJ45          GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTTTTA 184 






MUM21         GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 300 
France10      GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 359 
VC5           GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 199 
France15      GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 313 
France3       GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 311 
MUM47         GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 301 
VC7           GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 193 
MUM3          GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 297 
Mass1         GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 183 
France16      GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 311 
Mass41        GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 184 
VC11          GGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTT-TTTA 189 
              ******************************************************* **** 
 
NJ45          ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 244 
France5       ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 416 
MUM21         ATTATATCTAATCTAATGGTTTAATTAATAAATTTAACAAAT-CTATCGTAGGTAATAAT 359 
France10      ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAC 419 
VC5           ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 259 
France15      ATTATATATAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 373 
France3       ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 371 
MUM47         ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 361 
VC7           ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 253 
MUM3          ATCATATCTAATCTAATGGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 357 
Mass1         ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 243 
France16      ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 371 
Mass41        ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 244 
VC11          ATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATAAT 249 
              ** **** ********* ************************ ****************  
 
NJ45          GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 304 
France5       GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 476 
MUM21         GACCCGTACCTA------------------------------------------------ 371 
France10      GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 479 
VC5           GACCCGTTACTATTATCAAATAAATATAACGATTAATTAATAAAAGCTACCTTAGGGATA 319 
France15      GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 433 
France3       GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 431 
MUM47         GACCCGTACTATTTC--------------------------------------------- 376 
VC7           GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 313 
MUM3          GACCCGTATCTATT---------------------------------------------- 371 
Mass1         GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 303 
France16      GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 431 
Mass41        GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 304 
VC11          GACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTACCTTAGGGATA 309 
              *******   
 
 Figure 7: Clustal alignment of haplotypes at the 16S locus representing sampled populations of 
G. vertens.  Note: Venetian Cove 5 (VC5) was eliminated from overall sequence analyses 
because several other sequences did not have accurate data in this region, however this is a 
unique haplotype representing 5% of the Venetian Cove population (n = 1/20).    
  
 Of the 98 individuals sequenced at the 16S locus VC =14/15, MA= 1/32, FR = 5/20,  
Mum = 9/11 (n = 29/98) 26% belonged to one haplotype found in every population except for New 






sampled (n = 20/20) belonging to a single haplotype.  This haplotype (represented by yellow in 
Fig. 7) which includes a thymine (T) insertion was also shared by 3 individuals in the French 
population and not by any other populations.  More importantly, there are individuals in the French 
population that have both the COI and 16S haplotypes in common with the New Jersey population.  
While this haplogroup represents a small proportion of the French population it comprises the 
entirety of the currently known New Jersey population.  The most common 16S haplotype in the 
French population was represented by (FR3) (Fig. 7).  The COI haplotype represented by FR3 was 
also the most common suggesting that this is the most common haplogroup in the French 
population sampled. There were also two haplotypes there were unique to the French population 
but represent less than a quarter of the population combined; these haplotypes are represented (Fig. 
6) by the color purple accounting for 15% of the French population (n = 3/20) and teal accounting 
for just 5% of the French population (n = 1/20).  Venetian Cove and the Massachusetts population 
shared an exclusive haplotype, which represented roughly 33% of the individuals sampled (n = 
32/98%).  This haplotype accounted for the majority of the Massachusetts population 97% (n = 
31/32) but a relatively small proportion of the Venetian Cove population ~7% (n = 1/15).  
Additionally, Mumford Cove had two haplotypes that were unique to this population; these were 
represented by blue (MUM21) and fuchsia (MUM3).  These two haplotypes were represented by 
one individual each accounting for a total of 18% of the Mumford Cove population (n = 2/11).  
These two haplotypes share one SNP in common, but the fuchsia haplotype has a unique SNP and 
blue haplotype has a unique deletion.    
 The 16S sequences in Figure 6 were used to generate a Neighbor-joining tree (Fig. 8). 
Based on the distance matrices generated (Table 7 & Table 8) and the Neighbor-joining tree (Figs. 






with which it shares a haplotype.  As with COI this 16S haplotype is only found in the New Jersey 
and French populations.  
 










Figure 9: Neighbor-joining phylogram of representative COI haplotypes and their corresponding 






Table 7: Parametric distance matrix for 16S Haplotypes based on Tamura-Nei model, (Tamura & Nei, 1993).
  









As a whole there was more diversity at the 16S locus than at the COI locus. This was not 
a surprise as the 16S locus has been previously been described as a better barcoding locus for 
Hydrozoan species (Zheng et al., 2014), although these authors acknowledge that at the species 
level both COI and 16S are adequate. The higher levels of diversity observed at 16S are likely due 
to reduced selection pressure at this locus when compare to COI, which produces a functional 
protein necessary for cellular respiration.  However, New Jersey, Venetian Cove, and Mumford 
Cove populations had amplifications problems at the 16S locus.  This was due to overlapping 
sequences in the first 170 BPs of the 16S gene, however I was unable to elucidate the cause of this 
overlap and thus resolve the problem.  As a result, the 16S sequences were shortened to remove 
the first 170 base pairs, and analyses were performed on the remaining length of sequence.  Given 
that about 1/3 of the gene was removed we were surprised by how much diversity was still present 
at this locus.  Also, of interest, were the substitutions present in the COI locus, none of which result 
in a change in amino acid sequence, or a truncated protein.  
 
 Understanding the connectivity between populations is vital to understanding the 
movement and origin of invasive species. Often times the simplest means of introduction is the 
most plausible and therefore, we hypothesize that that the New Jersey population of G. vertens 
was likely a southward expansion of the New England population.  This is founded on our 
understanding that Woods Hole (Eel Pond), Massachusetts has documented G. vertens populations 
since the late 1800s (Murbach, 1895; Govindarajan & Carman, 2016) with the possibility of two 
distinct invasions (Govindarajan & Carman, 2016).  That being said, G. vertens was not 
documented in other parts of New England or the Northern Mid-Atlantic until recently 






additional locations in Massachusetts, and Eastern Long Island, New York.  While some areas 
previously mentioned have had historic and anecdotal mention of G. vertens, this species had been 
absent since ~1930 following a large-scale die-off of Zostera marina (eel grass) (Govindarajan & 
Carman, 2016).  Given the proximity of these populations to New Jersey coastal waters it seemed 
reasonable to assume a further range expansion mediated either by natural (e.g.- currents, storms) 
or anthropogenic means (e.g. – recreational boating, aquaculture, ballast water, fouling of ships).   
However, based on the haplotype analyses for both the COI and 16S loci the New England 
population does not appear to have given rise to the New Jersey population, as there are no shared 
haplotypes between New Jersey and any sampled population in the New England Region.  The 
sequence analysis and neighbor-joining trees associated with the both 16S and COI loci suggests 
that the New Jersey population is most closely related to the French population from Berre Lagoon 
(Figs. 5 & 7).   
Interestingly, individuals in the French population that share identical sequence homology 
to the New Jersey population, all belong to the same haplogroup (inheriting identical 16S and COI 
haplotypes together).  While this haplogroup is comprised of only a few members of the more 
genetically diverse, French population (n=2), it is the only such haplogroup present in the New 
Jersey population. This suggests that both of these populations have shared a recent common 
ancestor, with related individuals being introduced into both French and New Jersey waters.  The 
16S loci is of particular interest as the New Jersey and French populations are the only two to 
exhibit a thymine (T) insertion, which turned a stretch of six T’s into a stretch of seven T’s.  This 
unique polymorphism was also noted by Gaynor et al. (2016), however at the time of this 
publication it was thought to be exclusive to New Jersey and no available 16S sequence data 






compares the a 16S locus of a New Jersey individual to that of an individual from Massachusetts 
that is representative of all other known 16S haplotypes.    
 
Figure 10: Electropherogram showing the insertion of a thymine (T) in the 16S locus, indicated 
by a box. 
 
This mutation is most probably the result of DNA polymerase slippage during the 
replication of this repetitive sequence; its persistence in the population is likely due to a lack of 
strong selection pressure at the 16S locus and the lack of nucleotide repair mechanisms found in 
the mitochondria.  While it is possible that this mutation developed independently in both the New 
Jersey and French populations, this is not likely the case as this thymine insertion is always co-
inherited with another SNP in the 16S locus that occurs at ~ 395bp down-stream from the start of 
the sequence.  Again, this SNP unique to only the French and the New Jersey populations (Fig. 7).  
The relationship between the French and New Jersey populations is also strengthened by two 
unique SNPs found in both populations at the COI locus (Fig. 4).  Neither of these SNPs resulted 
in a change in amino acid sequence, just an altered codon, which is important as it ensures the 
functionality of the vital cytochrome c oxidase subunit 1 (COI) protein.    
While Gonionemus vertens is known to be native to the Pacific, its presence in both 
Massachusetts and the Mediterranean has been known for over a decade (Perkins, 1908; Tambs-






(2016) compared the New Jersey population with individuals from the Mediterranean (Italy, 
accession number EU293976, note: the French population was not known at this time) and China 
(accession number KF962471), the only data available from the Pacific where the highly 
venomous morphology was known.  Their finding was that the New Jersey population mostly 
closely resembled the Chinese population at the 16S locus; this finding can now be expanded as 







Figure 11: Neighbor-joining phylogram of representative 16S haplotypes and their corresponding 
geographic locations, expanding on the findings of Gaynor et al., 2016. * = Found in both 
Connecticut locations (Mumford Cove & Venetian Cove).  Bootstrap values are represented as 







The data in Figure 11 suggests that the New Jersey population maybe more closely related 
to Mediterranean populations of G. vertens rather than the Chinese population.  Furthermore, the 
relationship of the Chinese population to the Mediterranean is strong, suggesting that the Chinese 
population likely gave rise to the Mediterranean population.  It is unknown whether introduction 
of G. vertens into the Mediterranean Sea was a single event or if multiple invasions occurred.  The 
connection between the Chinese population and the Mediterranean population most likely 
occurred, as a result of shipping and exchange of ballast waters.  Another potential source of origin 
is the Suez Canal which has been well documented as a vector for invasive species into the 
Mediterranean Sea (Galil, 2007 and others cited within).  Given that there are still relatively few 
sequences available for G. vertens at the 16S locus, it is necessary to expand the analyses to include 
COI from individuals sampled outside of this study in order to try an elucidate the relationship 
between the New Jersey population and those from around the world (Fig. 12).  A related study by 
Govindarajan et al. (2017) included sequence data from Japan, China, and Russia, areas where G. 







Figure 12. Neighbor-joining phylogram of representative COI haplotypes and their corresponding 
geographic locations, expanding on the findings of Govindarajan et al., 2017. * = Found in both 
Connecticut locations (Mumford Cove & Venetian Cove).  Bootstrap values are represented as 








From this expanded Neighbor Joining phylogram (Fig. 12) it is clear that the New Jersey 
population shares a common ancestor with both the Mediterranean and Western Pacific 
populations.  This suggests that the Western Pacific population has most likely given rise to the 
New Jersey, Mediterranean and at least some of the individuals found in New England populations. 
The mixture of haplotypes found in the more robust Connecticut and Mediterranean populations 
suggests that there may have been more than one introduction into these systems.  While we cannot 
know the mechanism of or the route of these independent introductions, it is most certainly 
anthropogenic and likely related to shipping or travel.  
 As a whole the French population was the most robust when compared to the other 
populations in this study.  This is an important finding as the G. vertens population in this area was 
first documented in 2017 (Marchessaux et al., 2017).  It would therefore make sense that if this 
was a recent invasion it would have similar levels of diversity to the New Jersey population that 
was first documented in 2016 (Gaynor et al., 2016).  However, these two populations are quite 
different in terms of variability at both the 16S and COI loci (Table 3). While the French population 
has several haplotypes for each locus, the New Jersey population is fixed at both.  The lack of 
diversity in the New Jersey population is not unexpected given the large amounts of clonal 
reproduction found within cnidarian species and the likelihood that the New Jersey population is 
currently reflective of the initial colonizing individuals, producing a founder effect.    The only 
other population with limited diversity was Massachusetts.  While G. vertens is known from 
multiple areas of Massachusetts, all individuals in this study came from Farm Pond on Martha’s 
Vineyard.  The configuration of this salt pond is unique in that the only connection to another body 






individuals that have been able to move into this area, resulting in a single haplotype at the COI 
locus. 
 Lastly, Venetian Cove is a small pond connected to Groton Long Point Harbor, which 
opens up into Mumford Cove.  Given their proximity we expected that Venetian Cove and 
Mumford Cove would have similar levels of diversity.  While both Mumford Cove and Venetian 
Cove had similar numbers of haplotypes present at both COI and 16S, they did not share all of 
these haplotypes in common with each other.  In fact, Mumford Cove had several unique 
haplotypes not shared with Venetian Cove.  Interestingly, the Connecticut populations shared 
haplotypes in common with both Massachusetts and the Mediterranean, connecting all of these 
populations together and perhaps suggesting that Connecticut is the epicenter of at least one of the 
New England invasions. This is plausible as there is a United States Naval Station near the 
Connecticut populations suggesting that USN vessels may have been a vector of introduction for 
this species.  
 The dispersal of many invasives is often linked to the larval or pelagic stages of the 
organism’s life- history.  However, G. vertens may be the exception to this rule (Bakker, 1980). 
The propensity for this medusa to “cling” onto submerged aquatic vegetation or macroalgae make 
it less likely that the adult individuals are transported solely by currents (Bakker, 1980).  
Additionally, the littoral nature of medusae makes it unlikely that many adult individuals will enter 
ballast water.  While drift algae may account for distribution within localized shallow areas, it is 
not probable that this is a means of long-range dispersal.  Therefore, one of the likely vectors of 
transport for this species is shellfish aquaculture and the fouling of ship hulls (Tambs-Lyche, 1976 
and others cited within; Bakker, 1980).  While modern ships are often coated with antifouling 






early 1900s often did go through any regular means to reduce hull fouling.  Although, there are 
not many heavily fouled wooden ships in regular commercial use, the life history of this organism 
creates the possibility that the current New Jersey invasion, while only recently documented, may 
have entered the system at some point in the past and went undetected.   There are several instances 
where rocks or shells collected from areas with G. vertens populations were used in aquaria, with 
no occurrence of medusae for many, yet medusae would appear seemingly out of nowhere (Tambs-
Lyche, 1976).  Therefore, the possibility that G. vertens polyps have existed in New Jersey for 
some time, in an almost dormant state cannot be over looked as a potential possibility.  That being 
said, the decided lack of genetic diversity at the observed loci indicate a more recent introduction, 
by relatively few individuals.   
 The sudden occurrence of G. vertens medusae in New Jersey may also be the result of a 
lack of competitors or predators.  The appearance of more hydrozoans and more hydrozoan species 
has been recently documented in Barnegat Bay, NJ as a consequence of Superstorm Sandy 
(Bologna et al., 2018).  The removal of hard structures within the bay and around its perimeters 
following Sandy resulted in a large reduction of the Bay nettle population, especially in the 
northern areas of the Bay.  As a result, the decreased predation by nettles allowed hydrozoan 
populations to increase within this system (Bologna et al., 2018).  Perhaps, the reduction of nettles 
or another predator of G. vertens has allowed this hidden hydrozoan to reach population levels 
where it is now easily detectable.  
 The Shrewsbury River and other New Jersey waters where G. vertens is found are not 
directly linked to major shipping routes, although they do occur along these routes and in relatively 
close proximity.  The proximity of this system is similar to many of the estuaries and salt ponds 






reveals 56 non-native macroinvertebrates that were, in part, attributed to the San Francisco Bay 
area, which is known to have over 150 non-native species (Wasson et al., 2001).  Additionally, 
vectors for invasives into this estuary were attributed to oyster aquaculture and ballast water 
discharge (Wasson et al., 2001).  This study suggests that initial introductions often occur over 
long ranges, but that subsequent introductions can happen from local populations of invasive 
species and are often overlooked because these secondary invasions do not occur in areas directly 
associated with large shipping enterprises and may occur years after the initial invasion (Wasson 
et al., 2001).   
Gonionemus vertens is not the only invader New Jersey waters have seen recently and it 
will certainly not be the last.   The understanding that this invasion may have occurred at some 
point, through an unknown vector, indicates the need for long-term monitoring of systems that are 
both directly and indirectly connected with commercial ventures.  Without sufficient surveying of 
systems suffering from anthropogenic perturbation, it is impossible to effect efficient management 
of these systems and prevent the spread of invasive species like G. vertens.  
 
Conclusion 
 The New Jersey population of G. vertens is distinct from all other populations along the 
East Coast of the United States.  This population appears to be identical at both the COI and 16S 
loci with a haplogroup present in the Mediterranean population, specifically Berre Lagoon, France.  
Other haplotypes present in the Mediterranean show links to Western Pacific populations and New 
England populations, suggesting that all of these populations share a common ancestor with the 
Western Pacific populations and that recent introductions into the North Western Atlantic may 







 The wide use of marine and estuarine systems for commerce and recreational activities 
creates a complicated interplay between humans and marine species.  As a result, the introduction 
of many invasive species it not readily detected in marine systems. This perpetuates reactive 
management efforts aimed to mitigate losses, rather than proactive management efforts which are 
directed at preservation of ecosystem services and conservation of species richness.      
 The first step in effectively managing any system is to understand that it does not exist in 
isolation.  For instance, efforts to improve the health of Barnegat Bay in New Jersey must also 
include the tributary rivers, the surrounding coastline, and the use of oceanic waters near to their 
connections with the Bay.  The latter of which is most complicated, as it is greatly impacted my 
commercial shipping.   These shipping enterprises are a known vector for marine invasive species, 
including both ballast water and ship fouling (Fofonoff et al., 2013).  There has been much research 
in to reducing the transport of non-native species through shipping; however, many of these 
strategies are still reactive rather than proactive (Egan et al., 2015; Seebens et al., 2016).  
 The life-history strategies of jellyfish and their high reproductive output increase the 
complexity of their management.  Immediate detection of jellyfish invasions is rare, because 
invaders can be diminutive, resemble native species, or many not produce many medusae for some 
period of time after introduction.  Jellyfish management is difficult and multifaceted, but crucial. 
The first step to the proactive management of gelatinous zooplankton is to increase educational 
outreach to the public and state.  This will help individuals understand how their use of land and 
water can increase the likelihood non-native introductions and the ultimate success of these 
individuals.  This type of education needs to reach many members of the community, for example: 






individuals who throw debris,  including shells, back into water creating habitat for jellyfish 
polyps, 3) people who travel between different bodies of water and may transport invasives on 
trailers or in live bait holds, 4) those involved in aquaculture and aquarium trades, and 5) State 
officials who have the ability to help enact laws that can regulate the actions of individuals and 
industries.  The next part of this more proactive management style is to increase the likelihood of 
early detection of invasive species and/or the decline in native species.  In order to assess 
community structure and any changes therein, continual ecological monitoring of both benthic and 
pelagic habitats is necessary (Broduer et al., 2016).  Benthic habitat monitoring is particularly 
important in the management of jellyfish species, as it is the polyp phase of the life history that is 
essential in creating resident population, that can survive winters in cold water (Lucas, Graham, & 
Widmer, 2012).  This monitoring should include traditional ecological surveying where species 
are identified morphologically in addition to, molecular identification that can help identify cryptic 
species (Restaino et al., 2018).   Additionally, areas that are impacted by commercial shipping or 
are seeing changes in community structure should utilize next generation sequencing methods on 
eDNA (environmental DNA) from water to help profile which species are present within the 
system (Egan et al., 2015).   
 Mitigating damage caused by large jellyfish populations is difficult as they often utilize 
habitats that provide essential ecosystem services such as seagrasses or oyster reefs for at least part 
of their life history.  This means that any artificial habitats such as floating docks and vinyl 
bulkheading should be monitored and cleaned if jellyfish polyps are detected.  Jellyfish are 
important components of ecosystems and it is therefore important to understand that their complete 






as a “canary in a coal mine”, indicating that systems seeing large blooms may be under extreme 
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Appendix 1: 16S & COI Clustal Alignments by Population and Loci.  Samples highlighted in the 
same color belong to the same haplotype.  Sequence variations are also highlighted in the 
corresponding color.  
 
France 16S Clustal Alignment 
 
France165       --------AGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 52 
France1625      -------GGAACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 53 
France29        ----AAGAAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 56 
France1618      -CTAAAGGAAACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 59 
France1623      -----AGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 55 
France166       -----AGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 55 
France1610      ---AAAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 57 
France163       ---AAAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 57 
France168       ---AAAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 57 
France1611      ---AAAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 57 
France1613      ---AAAGGAAACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 57 
France28        TCTAAAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 60 
France30        --TAAAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 58 
France1624      ----AAGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 56 
France1621      --------AGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 52 
France1616      ---AAAGGAAACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 57 
France1619      -----AGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 55 
France27        -----AGGAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 55 
France169       -------AAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 53 
France1615      -CTAAAGAAGACTTTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAG 59 
                          ************************************************** 
 
France165       CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 112 
France1625      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 113 
France29        CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 116 
France1618      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 119 
France1623      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 115 
France166       CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 115 
France1610      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 117 
France163       CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 117 
France168       CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 117 
France1611      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 117 
France1613      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 117 
France28        CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 120 
France30        CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 118 
France1624      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 116 
France1621      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 112 
France1616      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 117 
France1619      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 115 
France27        CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 115 
France169       CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 113 
France1615      CGAAATCAATCGTCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGT 119 
                ************************************************************ 
 
France165       CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 172 
France1625      CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 173 
France29        CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 176 
France1618      CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 179 
France1623      CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 175 
France166       CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 175 
France1610      CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 177 
France163       CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 177 
France168       CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 177 
France1611      CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 177 






France28        CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 180 
France30        CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 178 
France1624      CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 176 
France1621      CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 172 
France1616      CTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 177 
France1619      CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 175 
France27        CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 175 
France169       CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 173 
France1615      CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAG 179 
                **************** ******************************************* 
 
France165       ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 232 
France1625      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 233 
France29        ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 236 
France1618      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 239 
France1623      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 235 
France166       ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 235 
France1610      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 237 
France163       ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 237 
France168       ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 237 
France1611      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 237 
France1613      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 237 
France28        ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 240 
France30        ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 238 
France1624      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 236 
France1621      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 232 
France1616      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 237 
France1619      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 235 
France27        ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTTATAAATTATGATT 235 
France169       ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 233 
France1615      ACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATT 239 
                ********************************************** ************* 
 
France165       TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 292 
France1625      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 293 
France29        TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 296 
France1618      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 299 
France1623      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 295 
France166       TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 295 
France1610      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 297 
France163       TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 297 
France168       TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 297 
France1611      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 297 
France1613      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 297 
France28        TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 300 
France30        TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 298 
France1624      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 296 
France1621      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 292 
France1616      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 297 
France1619      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 295 
France27        TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 295 
France169       TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 293 
France1615      TTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAA 299 
                ************************************************************ 
 
France165       GCAATGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 352 
France1625      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 352 
France29        GCAATGATTT-TTTAATTATATATAATCTAATTGTTTAATTAATAAATTTAACAAATACT 355 
France1618      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 358 
France1623      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 354 
France166       GCAATGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 355 
France1610      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 356 






France168       GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 356 
France1611      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 356 
France1613      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 356 
France28        GCAATGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 360 
France30        GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 357 
France1624      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 355 
France1621      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 351 
France1616      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 356 
France1619      GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 354 
France27        GCAATGATTT-TTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACT 354 
France169       GCAATGATTT-TTTAATTATATATAATCTAATTGTTTAATTAATAAATTTAACAAATACT 352 
France1615      GCAATGATTT-TTTAATTATATATAATCTAATTGTTTAATTAATAAATTTAACAAATACT 358 
                ********** *********** ************************************* 
 
France165       ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 412 
France1625      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 412 
France29        ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 415 
France1618      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 418 
France1623      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 414 
France166       ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 415 
France1610      ATCGTAGGTAATAACGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 416 
France163       ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 416 
France168       ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 416 
France1611      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 416 
France1613      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 416 
France28        ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 420 
France30        ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 417 
France1624      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 415 
France1621      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 411 
France1616      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 416 
France1619      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 414 
France27        ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 414 
France169       ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 412 
France1615      ATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAA 418 
                ************** ********************************************* 
 
France165       GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 472 
France1625      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 472 
France29        GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 475 
France1618      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 478 
France1623      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 474 
France166       GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 475 
France1610      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 476 
France163       GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 476 
France168       GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 476 
France1611      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 476 
France1613      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 476 
France28        GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 480 
France30        GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 477 
France1624      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 475 
France1621      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 471 
France1616      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 476 
France1619      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 474 
France27        GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 474 
France169       GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 472 
France1615      GCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGC 478 
                ************************************************************ 
 
France165       GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 532 
France1625      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 532 
France29        GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 535 
France1618      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 538 






France166       GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 535 
France1610      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 536 
France163       GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 536 
France168       GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 536 
France1611      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 536 
France1613      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 536 
France28        GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 540 
France30        GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 537 
France1624      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 535 
France1621      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 531 
France1616      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 536 
France1619      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 534 
France27        GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 534 
France169       GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 532 
France1615      GACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTT 538 
                ************************************************************ 
 
France165       ACGAACCAATTAAAAATCATACACGATTTGATCTCCATCTCCGCTAA------ 579 
France1625      CAAACCATTAAAA---TCATACACGATTTGATTCTCATATTTCCCGTAA---- 578 
France29        CGACCATTAAAAA---TCATACACGATTTGATTCCATTTCCGCA--------- 576 
France1618      CGACCAATTAAAA---TCATACACGATTTGAGTTCCCATTTCCCGTAA----- 583 
France1623      CGACCAATTAAAA---TCATACACGATTTGATTCCACAATTCCCGCTAA---- 580 
France166       CGACCATTAAAAT---CAT-ACACGATTTGATTTTCCTTTCCCCGCTACAA-- 582 
France1610      CGACCATTAAAAT----CATACACGATTTGATTCTCCCATTTCCGGTAA---- 581 
France163       AGACCATTAAAAT----CATACACGATTTGATTTTCTATTTTCCGCGTAA--- 582 
France168       CGACCATTAAAA----TCATACACGATTTGAGTTCCTTTTCCCGACAAA---- 581 
France1611      CGACCATTAAAA----TCATACACGATTTGAGTTCTTTCCGCA---------- 575 
France1613      CGACCATTAAAA----TCATACACGATTTGAGTTCTCTCTTTTCCCGTAA--- 582 
France28        CAGACCATTAAAA---TCATACACGATTTGATTCCCATTCCCGCAA------- 583 
France30        CAGACCATTAAAA---TCATACACGATTTGATTCCCATTCCCGCA-------- 579 
France1624      CGACCA-TTAAAA---TCATACACGATTTGAGTTCATTTCCGTCA-------- 576 
France1621      CGACCA-TTAAAA---TCATACACGATTTGATCTCAAATCCCGCGTAA----- 575 
France1616      CGACCA-TTAAAA---TCATACACGATTTGAGTTCCATTCCCGTAA------- 578 
France1619      CGACCA-TTAAAA---TCATACACGATTTGAGTCCCATTCCCGCA-------- 575 
France27        CGACCA-TTAAAA---TCATACACGATTTGATCCCAATTCCCGCAA------- 576 
France169       CGACCATTAAAAT---CA-TACACGATTTGAGTTCATTTTCCGGTAAATGTTT 581 
France1615      CGACCATTAAAAT---CT-TACACGATTTGATTTCACATTCCCGTAA------ 581 
























France COI Clustal Alignment  
 
FR17      --CTGTTTGAGGTATTTGGTGTATTTTCAGCAAATGGTTGGAAACCGCTTTAAGTATGTT 58 
FR20      ---CAAACGGAGGTCACGTCAGACGTGTTGTCGCATGGTTGGAACCGCTTTAAGTATGTT 57 
FR16      -------CTAGTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 53 
FR25      ---CATATATTTAGTTTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 57 
FR5       -----CTGTTAGGCTACCCGGTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTATGTT 55 
FR4       -------CTTTTAGTATTTGGTGTATTTTCAGCGATGGTTGGAACCGCTTTAAGTATGTT 53 
FR26      -----CATATTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 55 
FR15      -------CTTTTAGTATTTGGTGTATTTTCAGCGATGGTTGGAACCGCTTTAAGTATGTT 53 
FR29      -------TATTTAGTATTTGGTGTATTTTCAGCGATGGTTGGAACCGCTTTAAGTATGTT 53 
FR18      --CTCGTTAGTTATTTTGGGTGTTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 58 
FR7       ----TTGTTAGTTATTTTGGTGTATTTTCAGCAAATGGTTGGAACCGCTTTAAGTATGTT 56 
FR13      ----CTGGTTAGTATTTTGGTGTATTTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 56 
FR3       ------CCGTAGT-ATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 53 
FR22      -CGATATTTAGTA-TTTTGGTGTATTTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 58 
FR21      ---CGTTTAAGGT-ATTTGGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 56 
FR19      --CTAAATTAGTA-TTTTGGTGTATTTTCAGCAAATGGTTGGAACCGCTTTAAGTATGTT 57 
FR1       ---TAATTTAGTA-TTTTG-GTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 55 
FR10      ----CTCTTTAGT-ATTTG-GTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 54 
FR24      CTAAGTATTTAGT-ATTTG-GTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 58 
FR30      ----CTTCTTAGT-ATTTG-GTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 54 
                                   *          * * * *** ************** 
 
FR17      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 118 
FR20      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 117 
FR16      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 113 
FR25      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 117 
FR5       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 115 
FR4       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGGGACGATCAAATTTATAATGT 113 
FR26      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 115 
FR15      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGGGACGATCAAATTTATAATGT 113 
FR29      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGGGACGATCAAATTTATAATGT 113 
FR18      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 118 
FR7       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 116 
FR13      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 116 
FR3       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 113 
FR22      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 118 
FR21      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 116 
FR19      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 117 
FR1       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 115 
FR10      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 114 
FR24      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 118 
FR30      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 114 
          *************************************** ******************** 
 
FR17      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 178 
FR20      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 177 
FR16      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 173 
FR25      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 177 
FR5       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 175 
FR4       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 173 
FR26      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 175 
FR15      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 173 
FR29      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 173 
FR18      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 178 
FR7       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 176 
FR13      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 176 
FR3       TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 173 
FR22      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 178 
FR21      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 176 






FR1       TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 175 
FR10      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 174 
FR24      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 178 
FR30      TATTGTAACTGCACACGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 174 
          *************** ******************************************** 
 
FR17      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 238 
FR20      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 237 
FR16      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 233 
FR25      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 237 
FR5       AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 235 
FR4       AGGATTTGGAAATTGATTTGTACCACTTTACATAGGAGCCCCAGATATGGCTTTTCCTAG 233 
FR26      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 235 
FR15      AGGATTTGGAAATTGATTTGTACCACTTTACATAGGAGCCCCAGATATGGCTTTTCCTAG 233 
FR29      AGGATTTGGAAATTGATTTGTACCACTTTACATAGGAGCCCCAGATATGGCTTTTCCTAG 233 
FR18      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 238 
FR7       AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 236 
FR13      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 236 
FR3       AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 233 
FR22      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 238 
FR21      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 236 
FR19      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 237 
FR1       AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 235 
FR10      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 234 
FR24      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 238 
FR30      AGGATTTGGAAATTGATTTGTGCCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 234 
          ********************* ******** ***************************** 
 
FR17      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 298 
FR20      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 297 
FR16      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 293 
FR25      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 297 
FR5       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 295 
FR4       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 293 
FR26      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 295 
FR15      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 293 
FR29      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 293 
FR18      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 298 
FR7       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 296 
FR13      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 296 
FR3       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 293 
FR22      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 298 
FR21      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 296 
FR19      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 297 
FR1       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 295 
FR10      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 294 
FR24      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 298 
FR30      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTCATC 294 
          ********************************************** ************* 
 
FR17      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 358 
FR20      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 357 
FR16      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 353 
FR25      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 357 
FR5       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 355 
FR4       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 353 
FR26      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 355 
FR15      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 353 
FR29      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 353 
FR18      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 358 
FR7       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 356 
FR13      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 356 






FR22      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 358 
FR21      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 356 
FR19      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 357 
FR1       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 355 
FR10      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 354 
FR24      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 358 
FR30      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGTTCA 354 
          ************************************ *********************** 
 
FR17      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 418 
FR20      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 417 
FR16      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 413 
FR25      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 417 
FR5       AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGCTTC 415 
FR4       AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 413 
FR26      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 415 
FR15      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 413 
FR29      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 413 
FR18      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 418 
FR7       AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 416 
FR13      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 416 
FR3       AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 413 
FR22      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 418 
FR21      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 416 
FR19      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 417 
FR1       AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 415 
FR10      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 414 
FR24      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 418 
FR30      AGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGGAGCTTC 414 
          ****************** ********************  ******************* 
 
FR17      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 478 
FR20      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 477 
FR16      GTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 473 
FR25      GTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 477 
FR5       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 475 
FR4       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 473 
FR26      GTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 475 
FR15      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 473 
FR29      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 473 
FR18      GTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 478 
FR7       GTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 476 
FR13      GTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 476 
FR3       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 473 
FR22      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 478 
FR21      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 476 
FR19      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 477 
FR1       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 475 
FR10      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 474 
FR24      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 478 
FR30      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGGTAT 474 
           *********************************************************** 
 
FR17      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 538 
FR20      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 537 
FR16      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 533 
FR25      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 537 
FR5       GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 535 
FR4       GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 533 
FR26      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 535 
FR15      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 533 
FR29      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 533 






FR7       GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 536 
FR13      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 536 
FR3       GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 533 
FR22      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 538 
FR21      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 536 
FR19      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 537 
FR1       GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 535 
FR10      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 534 
FR24      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 538 
FR30      GAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 534 
          ************************************************************ 
 
FR17      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 598 
FR20      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 597 
FR16      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 593 
FR25      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 597 
FR5       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 595 
FR4       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 593 
FR26      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 595 
FR15      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 593 
FR29      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 593 
FR18      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 598 
FR7       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 596 
FR13      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 596 
FR3       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 593 
FR22      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 598 
FR21      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 596 
FR19      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 597 
FR1       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 595 
FR10      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 594 
FR24      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 598 
FR30      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 594 
          ************************************************************ 
 
FR17      TACTACATTTTTTGACCCTGCCGGTGGGACGCAGCAGCACTAATAACAGTATCAACATTT 658 
FR20      TACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCT---AA--TACTGTATCAACATTT 652 
FR16      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA-TCCAA-AT--AAATATATCAACATTT 649 
FR25      TACTACATTTTTTGACCCTGTCTGGTGGAGGAGATCCATAAT--AATTATATCAACATTT 655 
FR5       TACTACATTTTTTGACCCTGCCGGTGGAGGAGAT--CCTATT----CTATATCAACATTT 649 
FR4       TACTACATTTTTTGACCCTGCCGGTGGAGGAGAT--ACATAA--TACTATATCAACATTT 649 
FR26      TACTACATTTTTTGACCCTGCCGGTGGAGGAGAT--CCTATT----TTATATCAACATTT 649 
FR15      TACTACATTTTTTGACCCTGCCGGTGGAGGAGAT--CCTATT----CTATATCAACATTT 647 
FR29      TACTACATTTTTTGACCCTGCCGGTGGAGGAGAT--CCTATT----CTATATCAACATTT 647 
FR18      TACTACATTTTTTGACCCTGCCGG-TGGCCGCGAGAACAAAA--AAATATATCAACATTT 655 
FR7       TACTACATTTTTTGACCC-TGCCGGTGGAGGAGATCCTATTT--ATATA--TCAACATTT 651 
FR13      TACTACATTTTTTGACCC-TGCCGGTGGAGGAGATCAAAATA--ATAAATATCAACATTT 653 
FR3       TACTACATTTTTTGACCCTGGCCGGTGGAGGAGATCACAAAA--TACTGTATCAACATTT 651 
FR22      TACTACATTTTTTGACCCTGCCGGTGGAGGCAGATACTAA----TACTGTATCAACATTT 654 
FR21      TACTACATTTTTTTGACCCTGCCGGTGGAGGAGATCCTAT----TC-TGTATCAACATTT 651 
FR19      TACTACATTTT-TTGACCCTGCCGGTGGAGGAGATCCTAT----TC-TGTATCAACATTT 651 
FR1       TACTACATTTT-TTGACCCTGCCGGTGGAGGAGATCCTAT----AC-TGTATCAACATTT 649 
FR10      TACTACATTTT-TTGACCCTGCCGGTGGAGGAGATCCTAT----TC-TGTATCAACATTT 648 
FR24      TACTACATTTT-TTGACCCTGCCGGTGGAGGAGATCCTAT----TC-TGTATCAACATTT 652 
FR30      TACTACATTTT-TTGACCCTGCCGGTGGAGGAGATCCTAT----TC-TGTATCAACATTT 648 












New Jersey 16 Clustal Alignment  
 
NJ36short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ5short       -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ17short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ45short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ29short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ31short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ38short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ7short       -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ12short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ11short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ10short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ13short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
2016           ATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 60 
NJ8short       -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ28short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ37short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJshort53      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ6short       -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ16short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
NJ33short      -------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGA 53 
                      ***************************************************** 
 
NJ36short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ5short       AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ17short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ45short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ29short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ31short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ38short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ7short       AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ12short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ11short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ10short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ13short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
2016           AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 120 
NJ8short       AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ28short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ37short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJshort53      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ6short       AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ16short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
NJ33short      AAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAA 113 
               ************************************************************ 
 
NJ36short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ5short       TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ17short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ45short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ29short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ31short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ38short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ7short       TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ12short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ11short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ10short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ13short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
2016           TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 180 
NJ8short       TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ28short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 






NJshort53      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ6short       TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ16short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
NJ33short      TTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAA 173 
               ************************************************************ 
 
NJ36short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ5short       TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ17short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ45short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ29short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ31short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ38short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ7short       TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ12short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ11short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ10short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ13short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
2016           TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 240 
NJ8short       TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ28short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ37short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJshort53      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ6short       TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ16short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
NJ33short      TGATTTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCG 233 
               ************************************************************ 
 
NJ36short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ5short       TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ17short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ45short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ29short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ31short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ38short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ7short       TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ12short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ11short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ10short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ13short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
2016           TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 300 
NJ8short       TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ28short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ37short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJshort53      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ6short       TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ16short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
NJ33short      TAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAATAAAAGCTA 293 
               ************************************************************ 
 
NJ36short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ5short       CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ17short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ45short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ29short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ31short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ38short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ7short       CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ12short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ11short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ10short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ13short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 






NJ8short       CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ28short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ37short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJshort53      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ6short       CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ16short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
NJ33short      CCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGTTTGCGACC 353 
               ************************************************************ 
 
NJ36short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ5short       TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ17short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ45short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ29short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ31short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ38short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ7short       TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ12short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ11short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ10short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ13short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
2016           TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 420 
NJ8short       TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ28short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ37short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJshort53      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ6short       TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ16short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
NJ33short      TCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTCTGTTCGAC 413 
               ************************************************************ 
 
NJ36short      CATTAAAATCATACACGATTTGAGTTTCATTCCCGCAAA 455 
NJ5short       CATTAAAATCATACACGATTTGAGTCCATTCCGCA---- 448 
NJ17short      CATTAAAATCATACACGATTTGAGTCCATTCCGCAA--- 449 
NJ45short      CATTAAAATCATACACGATTTGAGTTCATTCCGCAAA-- 450 
NJ29short      CATTAAAATCATACACGATTTGAGTTCATTCCGCAA--- 449 
NJ31short      CATTAAAATCATACACGATTTGAGTTCATTCCGCAA--- 449 
NJ38short      CATTAAAATCATACACGATTTGAGTTCATTCCGCA---- 448 
NJ7short       CATTAAAATCATACACGATTTGAGTTCATTCCGCA--- 449 
NJ12short      CATTAAAATCATACACGATTTGAGTTTCATTCCGTCAA- 451 
NJ11short      CATTAAAATCATACACGATTTGAGTTCCATTTCCGCAA- 451 
NJ10short      CATTAAAATCATACACGATTTGAGTTTCATTCCCGCAAA 452 
NJ13short      CATTAAAATCATACACGATTTGAGTTTCATTTCCGCAA- 451 
2016           CATTAAAATCATACACGATTTGAGTTCCATTCCGTC--- 456 
NJ8short       CATTAAAATCATACACGATTTGAGTTCATTTCCGCAA-- 450 
NJ28short      CATTAAAATCATACACGATTTGAGTTCATTTCCGCA--- 449 
NJ37short      CATTAAAATCATACACGATTTGAGTTCATTTCCGCA--- 449 
NJshort53      CATTAAAATCATACACGATTTGAGTTCATTTCCGCAA-- 450 
NJ6short       CATTAAAATCATACACGATTTGAGTCCCTTTCCGCAA-- 450 
NJ16short      CATTAAAATCATACACGATTTGAGTTCCATTCCGCA--- 449 
NJ33short      CATTAAAATCATACACGATTTGAGTTCCATTCCGCAA-- 450 














New Jersey COI Clustal Alignment  
 
NJ6       ------------------------GTGTTTCTCAGCGATGGTTGGAACAGCTTTAAGTAT 36 
NJ8       ------CCGTATTTAGTATTTGGTGTAGTTCTCAGCGATGGTTGGAACAGCTTTAAGTAT 54 
NJ13      ----TTATATTTTAGTATTTTGGGTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 56 
NJ19      ----TTATATTTTAGTATTTTGGTGTTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 56 
NJ11      -----------TTAGTATTTTGTTGTATTTTCAAGCGATGGTTGGAACAGCTTTAAGTAT 49 
NJ7       -----------------------GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 37 
NJ50      --AACATTATATTTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 58 
NJ21      GGAACATTATATTTAGTATTTGGTGTATTTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 60 
NJ20      ----------------------------------GCAATGGTTGGAACAGCTTTAAGTAT 26 
NJ30      -------ATATTTAGTATTTTGGTGTATTTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 53 
NJ36      --------------------------------CACGCGATGGTTGGACAGCTTTAAGTAT 28 
NJ10      ------TTATATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 53 
NJ5       -----ATTATATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 54 
NJ18      ------------------TTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 41 
NJ31      --------ATATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 51 
NJ43      --------------------------------CAGCAATGGTTGGAACAGCTTTAAGTAT 28 
NJ42      --AACATTATATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 57 
NJ9       ---------TATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 50 
NJ28      -GAACATTATATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 58 
NJ38      --------ATATTTAGTATTTG-GTGTATTTTCAGCAATGGTTGGAACAGCTTTAAGTAT 51 
                                                  * * * ************** 
 
NJ6       GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 96 
NJ8       GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 114 
NJ13      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 116 
NJ19      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 116 
NJ11      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 109 
NJ7       GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 97 
NJ50      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 118 
NJ21      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 120 
NJ20      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 86 
NJ30      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 113 
NJ36      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 88 
NJ10      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 113 
NJ5       GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 114 
NJ18      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 101 
NJ31      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 111 
NJ43      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 88 
NJ42      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 117 
NJ9       GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 110 
NJ28      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 118 
NJ38      GTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAA 111 
          ************************************************************ 
 
NJ6       TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 156 
NJ8       TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 174 
NJ13      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 176 
NJ19      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 176 
NJ11      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 169 
NJ7       TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 157 
NJ50      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 178 
NJ21      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 180 
NJ20      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 146 
NJ30      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 173 
NJ36      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 148 
NJ10      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 173 
NJ5       TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 174 
NJ18      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 161 
NJ31      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 171 






NJ42      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 177 
NJ9       TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 170 
NJ28      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 178 
NJ38      TGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTAT 171 
          ************************************************************ 
 
NJ6       CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 216 
NJ8       CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 234 
NJ13      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 236 
NJ19      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 236 
NJ11      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 229 
NJ7       CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 217 
NJ50      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 238 
NJ21      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 240 
NJ20      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 206 
NJ30      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 233 
NJ36      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 208 
NJ10      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 233 
NJ5       CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 234 
NJ18      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 221 
NJ31      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 231 
NJ43      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 208 
NJ42      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 237 
NJ9       CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 230 
NJ28      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 238 
NJ38      CGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCC 231 
          ************************************************************ 
 
NJ6       TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 276 
NJ8       TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 294 
NJ13      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 296 
NJ19      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 296 
NJ11      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 289 
NJ7       TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 277 
NJ50      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 298 
NJ21      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 300 
NJ20      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 266 
NJ30      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 293 
NJ36      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 268 
NJ10      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 293 
NJ5       TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 294 
NJ18      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 281 
NJ31      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 291 
NJ43      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 268 
NJ42      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 297 
NJ9       TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 290 
NJ28      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 298 
NJ38      TAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGGTTC 291 
          ************************************************************ 
 
NJ6       ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 336 
NJ8       ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 354 
NJ13      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 356 
NJ19      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 356 
NJ11      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 349 
NJ7       ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 337 
NJ50      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 358 
NJ21      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 360 
NJ20      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 326 
NJ30      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 353 
NJ36      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 328 
NJ10      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 353 






NJ18      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 341 
NJ31      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 351 
NJ43      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 328 
NJ42      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 357 
NJ9       ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 350 
NJ28      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 358 
NJ38      ATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGGAGT 351 
          ************************************************************ 
 
NJ6       TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 396 
NJ8       TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 414 
NJ13      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 416 
NJ19      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 416 
NJ11      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 409 
NJ7       TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 397 
NJ50      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 418 
NJ21      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 420 
NJ20      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 386 
NJ30      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 413 
NJ36      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 388 
NJ10      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 413 
NJ5       TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 414 
NJ18      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 401 
NJ31      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 411 
NJ43      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 388 
NJ42      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 417 
NJ9       TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 410 
NJ28      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 418 
NJ38      TCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCCTACATGCTGCTGGAGC 411 
          ************************************************************ 
 
NJ6       TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 456 
NJ8       TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 474 
NJ13      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 476 
NJ19      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 476 
NJ11      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 469 
NJ7       TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 457 
NJ50      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 478 
NJ21      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 480 
NJ20      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 446 
NJ30      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 473 
NJ36      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 448 
NJ10      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 473 
NJ5       TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 474 
NJ18      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 461 
NJ31      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 471 
NJ43      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 448 
NJ42      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 477 
NJ9       TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 470 
NJ28      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 478 
NJ38      TTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACCAGG 471 
          ************************************************************ 
 
NJ6       TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 516 
NJ8       TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 534 
NJ13      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 536 
NJ19      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 536 
NJ11      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 529 
NJ7       TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 517 
NJ50      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 538 
NJ21      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 540 
NJ20      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 506 






NJ36      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 508 
NJ10      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 533 
NJ5       TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 534 
NJ18      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 521 
NJ31      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 531 
NJ43      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 508 
NJ42      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 537 
NJ9       TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 530 
NJ28      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 538 
NJ38      TATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATT 531 
          ************************************************************ 
 
NJ6       ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 576 
NJ8       ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 594 
NJ13      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 596 
NJ19      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 596 
NJ11      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 589 
NJ7       ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 577 
NJ50      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 598 
NJ21      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 600 
NJ20      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 566 
NJ30      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 593 
NJ36      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 568 
NJ10      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 593 
NJ5       ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 594 
NJ18      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 581 
NJ31      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 591 
NJ43      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 568 
NJ42      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 597 
NJ9       ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 590 
NJ28      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 598 
NJ38      ACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTT 591 
          ************************************************************ 
 
NJ6       TAATACTACATTTTTTGACCCTGTCTGGTGGCGCGAGATACAT----------------- 619 
NJ8       TAATACTACATTTTTTGACTCTGTCTGGTGGCAGGAGATCCTATTCTATA---------- 644 
NJ13      TAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTCTAT------------- 643 
NJ19      TAATACTACATTTTTTGACCTT-------------------------------------- 618 
NJ11      TAATACTACATTTTTTGACCCTGCCGGTGGCAGGAGATCACTATTCTATAT--------- 640 
NJ7       TAATACTACATTTTTTGACCCTGTCTGGTGCAGGAGATACATATTCTATA---------- 627 
NJ50      TAATACTACATTTTTTGACCCTGTCTGGTGGAGGAGATACATATTCTATATCAACATTTA 658 
NJ21      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCATATTCTATATCAACATTTA 659 
NJ20      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTAATTCTATATCAACATTT- 624 
NJ30      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTAATTCTATATCAACATTTA 652 
NJ36      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTTA 626 
NJ10      TAATACTACATTTTTTGACCCTGTCCGGTG-GCAGGAGATCATATT-CTATATCAA---- 647 
NJ5       TAATACTACATTTTTTGACTCTGCCGGTGG-CAGGAGATCCTATAC-T------------ 640 
NJ18      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTTA 639 
NJ31      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTTA 649 
NJ43      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTT- 625 
NJ42      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTTA 655 
NJ9       TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACA---- 644 
NJ28      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTTA 656 
NJ38      TAATACTACATTTTTTGACCCTGCCGGTGG-AGGAGATCCTATTCT-ATATCAACATTTA 649 












Venetian Cove 16S Clustal Alignment  
 
VC116S11short      --------------TCCGCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 46 
VC16S13short       -----TGATCTCATTCCGCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 55 
VC16S19short       --------GCTCATTCCGCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 52 
VC16S1short        -----------CGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 49 
VC16S7short        ----------TCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAAT 50 
VC16S17short       ----------------ATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 44 
VC16S21short       -------------ATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 47 
VC16S27short       ------------GATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 48 
VC16S31short       --------TCTCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 52 
VC16S33short       TTCCCCTGTCTCGATTATCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 60 
VC16S5short        ----CCTGTCTCATTTATCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 56 
VC16S29short       -----------------GCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 43 
VC16S39short       ----------TCGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 50 
VC16S41short       -----------CGATTATAAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 49 
VC16S15short       --------------------ATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 40 
VC16S25short       ---------------CCGCAATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAAT 45 
                                       ***** ********************************** 
 
VC116S11short      AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 106 
VC16S13short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 115 
VC16S19short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 112 
VC16S1short        AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 109 
VC16S7short        AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 110 
VC16S17short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 104 
VC16S21short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 107 
VC16S27short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 108 
VC16S31short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 112 
VC16S33short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 120 
VC16S5short        AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 116 
VC16S29short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 103 
VC16S39short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 110 
VC16S41short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 109 
VC16S15short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 100 
VC16S25short       AATTGTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAA 105 
                   ************************************************************ 
 
VC116S11short      ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 166 
VC16S13short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 175 
VC16S19short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 172 
VC16S1short        ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 169 
VC16S7short        ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 170 
VC16S17short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 164 
VC16S21short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 167 
VC16S27short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 168 
VC16S31short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 172 
VC16S33short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 180 
VC16S5short        ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 176 
VC16S29short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 163 
VC16S39short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 170 
VC16S41short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 169 
VC16S15short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 160 
VC16S25short       ATTATGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAA 165 
                   ************************************************************ 
 
VC116S11short      CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 226 
VC16S13short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 235 
VC16S19short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 232 
VC16S1short        CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 229 
VC16S7short        CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 230 
VC16S17short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 224 
VC16S21short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 227 
VC16S27short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 228 
VC16S31short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 232 
VC16S33short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 240 
VC16S5short        CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 236 
VC16S29short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 223 
VC16S39short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 230 






VC16S15short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 220 
VC16S25short       CGAAGATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAA 225 
                   ************************************************************ 
 
VC116S11short      CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 286 
VC16S13short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 295 
VC16S19short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 292 
VC16S1short        CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 289 
VC16S7short        CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 290 
VC16S17short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 284 
VC16S21short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 287 
VC16S27short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 288 
VC16S31short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 292 
VC16S33short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 300 
VC16S5short        CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATTAAT 296 
VC16S29short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 283 
VC16S39short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 290 
VC16S41short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 289 
VC16S15short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 280 
VC16S25short       CAAATACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAAT 285 
                   ******************************************************** *** 
 
VC116S11short      TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 346 
VC16S13short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 355 
VC16S19short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 352 
VC16S1short        TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 349 
VC16S7short        TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 350 
VC16S17short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 344 
VC16S21short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 347 
VC16S27short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 348 
VC16S31short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 352 
VC16S33short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 360 
VC16S5short        TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 356 
VC16S29short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 343 
VC16S39short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 350 
VC16S41short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 349 
VC16S15short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 340 
VC16S25short       TAATAAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACA 345 
                   ************************************************************ 
 
VC116S11short      AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 406 
VC16S13short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 415 
VC16S19short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 412 
VC16S1short        AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 409 
VC16S7short        AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 410 
VC16S17short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 404 
VC16S21short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 407 
VC16S27short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 408 
VC16S31short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 412 
VC16S33short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 420 
VC16S5short        AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 416 
VC16S29short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 403 
VC16S39short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 410 
VC16S41short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 409 
VC16S15short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 400 
VC16S25short       AGGTTTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTT 405 
                   ************************************************************ 
 
VC116S11short      GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCATTTCCGCA------- 454 
VC16S13short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCCAATTCCCGCA----- 465 
VC16S19short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCA------ 461 
VC16S1short        GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTTCTCTATTTTCCGCGCA 464 
VC16S7short        GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCAATTCCGC-------- 457 
VC16S17short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTCCCATTTCCGCAA----- 454 
VC16S21short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCCGCA------ 456 
VC16S27short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCCGCA------ 457 
VC16S31short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCCATATTTCCCGTAA-- 465 
VC16S33short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTCCTTTCCCGCA------- 468 
VC16S5short        GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTCCTTTCCGCCA------- 464 
VC16S29short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTCCATTCCGCA-------- 450 






VC16S41short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCATTCCGCA-------- 456 
VC16S15short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCATTCCGCA-------- 447 
VC16S25short       GGTCTGTTCGACCATTAAAATCATACACGATTTGAGTTCATTCCGCA-------- 452 


















































Venetian Cove COI Clustal Alignment  
 
VC5         ----GAACATTATATTTAGTATTTGGTGTATTTTTCAGCAATGGTTGGAACCGCTTTAAG 56 
VC6         -----AACATTATATTTAGTATTTGGTGT-ATTTTCAGCAATGGTTGGAACCGCTTTAAG 54 
VC41        ---------TATATTTAGGTAT-TTGGTGTTTTTTCAGCAATGGTTGGAACCGCTTTAAG 50 
VC12        ---------TATATTTAGTATT-TGGTGTATTTTTCAGCAATGGTTGGAACCGCTTTAAG 50 
VC39        -------ATTATATTTAGTATT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 52 
VC30        --TGGAACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 57 
VC40        -------CATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 52 
VC38        ---CGGTTATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 56 
VCRC36      -------CATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 52 
VC35        ----GAACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 55 
VC32        ----------TATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 49 
VC31        -----AACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 54 
VC8         CCGCCAACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 59 
VC1         -----AACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 54 
VC2         ---GGAACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 56 
VC3         ---GGAACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 56 
VC7         ---GGAACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 56 
VC10        ------ACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 53 
VC11        ------ACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 53 
VC29        -----AACATTATATTTAGTAT-TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAG 54 
                          **     * * *     ***************************** 
 
VC5         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 116 
VC6         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 114 
VC41        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 110 
VC12        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 110 
VC39        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 112  
VC30        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 117 
VC40        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 112 
VC38        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 116 
VCRC36      TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 112 
VC35        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 115 
VC32        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 109 
VC31        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 114 
VC8         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 119 
VC1         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 114 
VC2         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 116 
VC3         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 116 
VC7         TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 116 
VC10        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 113 
VC11        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 113 
VC29        TATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTA 114 
            ************************************************************ 
 
VC5         TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 176 
VC6         TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 174 
VC41        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 170 
VC12        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 170 
VC39        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 172 
VC30        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 177 
VC40        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 172 
VC38        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 176 
VCRC36      TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 172 
VC35        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 175 
VC32        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 169 
VC31        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 174 
VC8         TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 179 
VC1         TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 174 
VC2         TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 176 






VC7         TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 176 
VC10        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 173 
VC11        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 173 
VC29        TAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCT 174 
            ************************************************************ 
 
VC5         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 236 
VC6         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 234 
VC41        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 230 
VC12        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 230 
VC39        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 232 
VC30        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 237 
VC40        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 232 
VC38        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 236 
VCRC36      TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 232 
VC35        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 235 
VC32        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 229 
VC31        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 234 
VC8         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 239 
VC1         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 234 
VC2         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 236 
VC3         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 236 
VC7         TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 236 
VC10        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 233 
VC11        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 233 
VC29        TATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTT 234 
            ************************************************************ 
 
VC5         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGG 296 
VC6         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGG 294 
VC41        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 290 
VC12        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 290 
VC39        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 292 
VC30        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 297 
VC40        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 292 
VC38        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 296 
VCRC36      TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 292 
VC35        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 295 
VC32        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 289 
VC31        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 294 
VC8         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 299 
VC1         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 294 
VC2         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 296 
VC3         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 296 
VC7         TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 296 
VC10        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 293 
VC11        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 293 
VC29        TCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACTTGG 294 
            **************************************************** ******* 
 
VC5         TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGG 356 
VC6         TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGG 354 
VC41        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 350 
VC12        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 350 
VC39        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 352 
VC30        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 357 
VC40        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 352 
VC38        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 356 
VCRC36      TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 352 
VC35        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 355 
VC32        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 349 
VC31        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 354 






VC1         TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 354 
VC2         TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 356 
VC3         TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 356 
VC7         TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 356 
VC10        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 353 
VC11        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 353 
VC29        TTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATCAGG 354 
            ****************************************** ***************** 
 
VC5         AGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGG 416 
VC6         AGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGG 414 
VC41        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 410 
VC12        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 410 
VC39        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 412 
VC30        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 417 
VC40        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 412 
VC38        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 416 
VCRC36      AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 412 
VC35        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 415 
VC32        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 409 
VC31        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 414 
VC8         AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 419 
VC1         AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 414 
VC2         AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 416 
VC3         AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 416 
VC7         AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 416 
VC10        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 413 
VC11        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 413 
VC29        AGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGCTGG 414 
            ************************ ******************** ************** 
 
VC5         AGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACC 476 
VC6         AGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACC 474 
VC41        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 470 
VC12        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 470 
VC39        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 472 
VC30        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 477 
VC40        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 472 
VC38        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 476 
VCRC36      AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 472 
VC35        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 475 
VC32        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 469 
VC31        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 474 
VC8         AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 479 
VC1         AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 474 
VC2         AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 476 
VC3         AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 476 
VC7         AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 476 
VC10        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 473 
VC11        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 473 
VC29        AGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGCACC 474 
            ****** ***************************************** *********** 
 
VC5         AGGTATGAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 536 
VC6         AGGTATGAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 534 
VC41        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 530 
VC12        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 530 
VC39        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 532 
VC30        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 537 
VC40        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 532 
VC38        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 536 
VCRC36      AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 532 






VC32        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 529 
VC31        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 534 
VC8         AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 539 
VC1         AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 534 
VC2         AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 536 
VC3         AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 536 
VC7         AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 536 
VC10        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 533 
VC11        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 533 
VC29        AGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCT 534 
            *************** ******************************************** 
 
VC5         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 596 
VC6         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 594 
VC41        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 590 
VC12        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 590 
VC39        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 592 
VC30        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 597 
VC40        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 592 
VC38        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 596 
VCRC36      ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 592 
VC35        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 595 
VC32        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 589 
VC31        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 594 
VC8         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 599 
VC1         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 594 
VC2         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 596 
VC3         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 596 
VC7         ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 596 
VC10        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 593 
VC11        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 593 
VC29        ATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAA 594 
            ************************************************************ 
 
VC5         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTCTATATCAACATT 655 
VC6         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTCTATATCAACATT 653 
VC41        TTTTAATACTACATTTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 650 
VC12        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 649 
VC39        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 651 
VC30        TTTTAATACTACATTTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 657 
VC40        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 651 
VC38        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 655 
VCRC36      TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 651 
VC35        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 654 
VC32        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 648 
VC31        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 653 
VC8         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 658 
VC1         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 653 
VC2         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 655 
VC3         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 655 
VC7         TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 655 
VC10        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 652 
VC11        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 652 
VC29        TTTTAATACTACATTTTT-TGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACATT 653 












Mumford Cove 16S Clustal Alignment  
 
MUM16S21      --TAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 58 
MUM16S17      --TAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 58 
MUM16S29      --TAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 58 
MUM16S47      -TTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 59 
MUM16S9       TAACATCATACTCATATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 60 
MUM16S11      --AACATATACTAGTATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 58 
MUM16S3       -----CATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 55 
MUM16S33      ---AACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 57 
MUM16S5       --TAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 58 
MUM16S35      -TTAACATATACTAAATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 59 
MUM16S23      ----ACATATACTATATGGCCGCGGTAACTCTGACCGTGATAATGTAGCGAAATCAATCG 56 
                             ********************************************* 
 
MUM16S21      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 118 
MUM16S17      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 118 
MUM16S29      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 118 
MUM16S47      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 119 
MUM16S9       TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 120 
MUM16S11      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 118 
MUM16S3       TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 115 
MUM16S33      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 117 
MUM16S5       TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 118 
MUM16S35      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 119 
MUM16S23      TCATTTAATTGATGACCAGTATGAATGGATAAACGAATTTTCCCCTGTCTCGATTATAAA 116 
              ************************************************************ 
 
MUM16S21      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 178 
MUM16S17      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 178 
MUM16S29      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 178 
MUM16S47      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 179 
MUM16S9       TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 180 
MUM16S11      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 178 
MUM16S3       TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 175 
MUM16S33      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 177 
MUM16S5       TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 178 
MUM16S35      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 179 
MUM16S23      TCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATTGTAAGACGAAAAGACCC 176 
              ************************************************************ 
 
MUM16S21      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 238 
MUM16S17      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 238 
MUM16S29      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 238 
MUM16S47      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 239 
MUM16S9       TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 240 
MUM16S11      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 238 
MUM16S3       TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 235 
MUM16S33      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 237 
MUM16S5       TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 238 
MUM16S35      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 239 
MUM16S23      TATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTATGATTTTAATTAGTATG 236 
              ************************************************************ 
 
MUM16S21      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 298 
MUM16S17      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 298 
MUM16S29      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 298 
MUM16S47      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 299 
MUM16S9       AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 300 
MUM16S11      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 298 
MUM16S3       AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 295 






MUM16S5       AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 298 
MUM16S35      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 299 
MUM16S23      AAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAAGATAAGCAATGATTTTT 296 
              ************************************************************ 
 
MUM16S21      TAATTATATCTAATCTAATGGTTTAATTAATAAATTTAACAAAT-CTATCGTAGGTAATA 357 
MUM16S17      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 358 
MUM16S29      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 358 
MUM16S47      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 359 
MUM16S9       TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 360 
MUM16S11      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 358 
MUM16S3       TAATCATATCTAATCTAATGGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 355 
MUM16S33      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 357 
MUM16S5       TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 358 
MUM16S35      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 359 
MUM16S23      TAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAATACTATCGTAGGTAATA 356 
              **** ************** ************************ *************** 
 
MUM16S21      ATGACCCGTACCTA----- 371 
MUM16S17      ATGACCCGTACGA------ 371 
MUM16S29      ATGACCCGTTCTATTCAA- 376 
MUM16S47      ATGACCCGTACTATTTC-- 376 
MUM16S9       ATGACCCGTTAC------- 372 
MUM16S11      ATGACCCGTTACT------ 371 
MUM16S3       ATGACCCGTATCTATT--- 371 
MUM16S33      ATGACCCGTTACTATTATC 376 
MUM16S5       ATGACCCGTTACTATTAT- 376 
MUM16S35      ATGACCCGTTACTATTA-- 376 
MUM16S23      ATGACCCGTTACTAT---- 371 






























Mumford Cove COI Clustal Alignment 
  
MUMCOVE38      ------AACATTATATTTAGTATTTTGGGTGTATTTTTCAGCAATGGTTGGAACCGCTTT 54 
MUMCOVE18      --------CATTATAT--TTAGTATTTGGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 50 
MUMCOVE37      ------AACATTATAT--TTAGTATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 52 
MUMCOVE36      ----GGAACATTATAT--TTAGTATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 54 
MUMCOVE20      -ATTGGAACATTATAT--TTAGTATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 57 
MUMCOVE44      --TTGGAACATTATAT--TTAGTATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 56 
MUMCOVE46      ----GGAACATTATAT--TTAGTATTTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 54 
MUMCOVE30      -------ACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 50 
MUMCOVE27      -----AAACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 52 
MUMCOVE29      ------AACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 51 
MUMCOVE24      TATTGGAACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 57 
MUMCOVE17      -----GAACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 52 
MUMCOVE12      ----GGAACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 53 
MUMCOVE10      ------AACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 51 
MUMCOVE16      -------ACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 50 
MUMCOVE21      ------AACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 51 
MUMCOVE25      ----GGAACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 53 
MUMCOVE39      -ATTGGAACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 56 
MUMCOVE13      ------AACATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 51 
MUMCOVE33      --------CATTATAT--TT-AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTT 49 
                       ********         *  *     ************************** 
 
MUMCOVE38      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 114 
MUMCOVE18      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 110 
MUMCOVE37      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 112 
MUMCOVE36      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 114 
MUMCOVE20      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 117 
MUMCOVE44      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 116 
MUMCOVE46      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 114 
MUMCOVE30      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 110 
MUMCOVE27      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 112 
MUMCOVE29      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 111 
MUMCOVE24      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 117 
MUMCOVE17      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 112 
MUMCOVE12      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 113 
MUMCOVE10      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 111 
MUMCOVE16      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 110 
MUMCOVE21      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 111 
MUMCOVE25      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 113 
MUMCOVE39      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 116 
MUMCOVE13      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 111 
MUMCOVE33      AAGTATGTTAATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAAT 109 
               ************************************************************ 
 
MUMCOVE38      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 174 
MUMCOVE18      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 170 
MUMCOVE37      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 172 
MUMCOVE36      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 174 
MUMCOVE20      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 177 
MUMCOVE44      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 176 
MUMCOVE46      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 174 
MUMCOVE30      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 170 
MUMCOVE27      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 172 
MUMCOVE29      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 171 
MUMCOVE24      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 177 
MUMCOVE17      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 172 
MUMCOVE12      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 173 
MUMCOVE10      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 171 
MUMCOVE16      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 170 






MUMCOVE25      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 173 
MUMCOVE39      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 176 
MUMCOVE13      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 171 
MUMCOVE33      TTATAATGTTATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGT 169 
               ************************************************************ 
 
MUMCOVE38      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 234 
MUMCOVE18      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 230 
MUMCOVE37      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 232 
MUMCOVE36      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 234 
MUMCOVE20      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 237 
MUMCOVE44      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 236 
MUMCOVE46      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 234 
MUMCOVE30      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 230 
MUMCOVE27      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 232 
MUMCOVE29      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 231 
MUMCOVE24      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 237 
MUMCOVE17      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 232 
MUMCOVE12      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 233 
MUMCOVE10      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 231 
MUMCOVE16      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 230 
MUMCOVE21      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 231 
MUMCOVE25      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 233 
MUMCOVE39      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 236 
MUMCOVE13      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 231 
MUMCOVE33      TCTTATCGGAGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGC 229 
               ************************************************************ 
 
MUMCOVE38      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 294 
MUMCOVE18      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 290 
MUMCOVE37      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 292 
MUMCOVE36      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 294 
MUMCOVE20      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 297 
MUMCOVE44      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 296 
MUMCOVE46      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 294 
MUMCOVE30      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACT 290 
MUMCOVE27      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 292 
MUMCOVE29      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 291 
MUMCOVE24      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 297 
MUMCOVE17      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 292 
MUMCOVE12      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 293 
MUMCOVE10      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 291 
MUMCOVE16      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 290 
MUMCOVE21      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 291 
MUMCOVE25      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 293 
MUMCOVE39      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 296 
MUMCOVE13      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 291 
MUMCOVE33      TTTTCCTAGATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTATTACT 289 
               ******************************************************* **** 
 
MUMCOVE38      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 354 
MUMCOVE18      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 350 
MUMCOVE37      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 352 
MUMCOVE36      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 354 
MUMCOVE20      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 357 
MUMCOVE44      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 356 
MUMCOVE46      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 354 
MUMCOVE30      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATC 350 
MUMCOVE27      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 352 
MUMCOVE29      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 351 
MUMCOVE24      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 357 
MUMCOVE17      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 352 






MUMCOVE10      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 351 
MUMCOVE16      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 350 
MUMCOVE21      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 351 
MUMCOVE25      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 353 
MUMCOVE39      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 356 
MUMCOVE13      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 351 
MUMCOVE33      TGGTTCATCATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTTTACCCCCCTTTATC 349 
               ********************************************* ************** 
 
MUMCOVE38      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 414 
MUMCOVE18      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 410 
MUMCOVE37      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 412 
MUMCOVE36      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 414 
MUMCOVE20      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 417 
MUMCOVE44      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 416 
MUMCOVE46      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 414 
MUMCOVE30      AGGAGTTCAAGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGC 410 
MUMCOVE27      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 412 
MUMCOVE29      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 411 
MUMCOVE24      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 417 
MUMCOVE17      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 412 
MUMCOVE12      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 413 
MUMCOVE10      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 411 
MUMCOVE16      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 410 
MUMCOVE21      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 411 
MUMCOVE25      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 413 
MUMCOVE39      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 416 
MUMCOVE13      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 411 
MUMCOVE33      AGGAGTTCAAGCACATTCAGGGCCCTCCGTTGATATGGCAATATTTAGCTTACATGCTGC 409 
               *************************** ******************** *********** 
 
MUMCOVE38      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 474 
MUMCOVE18      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 470 
MUMCOVE37      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 472 
MUMCOVE36      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 474 
MUMCOVE20      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 477 
MUMCOVE44      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 476 
MUMCOVE46      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 474 
MUMCOVE30      TGGAGCTTCATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGC 470 
MUMCOVE27      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 472 
MUMCOVE29      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 471 
MUMCOVE24      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 477 
MUMCOVE17      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 472 
MUMCOVE12      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 473 
MUMCOVE10      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 471 
MUMCOVE16      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 470 
MUMCOVE21      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 471 
MUMCOVE25      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 473 
MUMCOVE39      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 476 
MUMCOVE13      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 471 
MUMCOVE33      TGGAGCTTCGTCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAACATGAGAGC 469 
               ********* ***************************************** ******** 
 
MUMCOVE38      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 534 
MUMCOVE18      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 530 
MUMCOVE37      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 532 
MUMCOVE36      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 534 
MUMCOVE20      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 537 
MUMCOVE44      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 536 
MUMCOVE46      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 534 
MUMCOVE30      ACCAGGTATGAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 530 
MUMCOVE27      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 532 






MUMCOVE24      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 537 
MUMCOVE17      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 532 
MUMCOVE12      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 533 
MUMCOVE10      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 531 
MUMCOVE16      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 530 
MUMCOVE21      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 531 
MUMCOVE25      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 533 
MUMCOVE39      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 536 
MUMCOVE13      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 531 
MUMCOVE33      ACCAGGTATGAGCATGGATAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTT 529 
               ****************** ***************************************** 
 
MUMCOVE38      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 594 
MUMCOVE18      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 590 
MUMCOVE37      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 592 
MUMCOVE36      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 594 
MUMCOVE20      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 597 
MUMCOVE44      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 596 
MUMCOVE46      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 594 
MUMCOVE30      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 590 
MUMCOVE27      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 592 
MUMCOVE29      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 591 
MUMCOVE24      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 597 
MUMCOVE17      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 592 
MUMCOVE12      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 593 
MUMCOVE10      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 591 
MUMCOVE16      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 590 
MUMCOVE21      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 591 
MUMCOVE25      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 593 
MUMCOVE39      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 596 
MUMCOVE13      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 591 
MUMCOVE33      TCTATTACTTTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAG 589 
               ************************************************************ 
 
MUMCOVE38      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 654 
MUMCOVE18      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATATTATATCAACA 650 
MUMCOVE37      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 652 
MUMCOVE36      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 654 
MUMCOVE20      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 657 
MUMCOVE44      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 656 
MUMCOVE46      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 654 
MUMCOVE30      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTCTATATCAACA 650 
MUMCOVE27      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 652 
MUMCOVE29      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 651 
MUMCOVE24      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 657 
MUMCOVE17      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 652 
MUMCOVE12      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 653 
MUMCOVE10      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 651 
MUMCOVE16      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 650 
MUMCOVE21      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 651 
MUMCOVE25      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTATATCAACA 653 
MUMCOVE39      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTAATTTTATATCAA- 655 
MUMCOVE13      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTAATTTTATATCAAC 651 
MUMCOVE33      AAATTTTAATACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTATTTTTATATCAAC 649 












Massachusetts 16S Clustal Alignment  
 
Mass16S46short      ------TCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 54 
Mass16S14short      -------------TAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 47 
Mass16S6short       ----------------ATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 44 
Mass16S40short      ---GTCTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 57 
Mass16S54short      -----CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 55 
Mass16S53short      -CTGTCTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 59 
Mass16S16short      --------GATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 52 
Mass16S21short      ------TCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 54 
Mass16S23short      ------TCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 54 
Mass16S26short      -------CGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 53 
Mass16S28short      --TGTCTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 58 
Mass16S29short      ----------TTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 50 
Mass16S31short      --TGTCTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 58 
Mass16S39short      --------GATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 52 
Mass16S49short      -------CGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 53 
Mass16S51short      -----CTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 55 
Mass16S55short      -------CGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 53 
Mass16S12short      --------------CAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 46 
Mass16S20short      ---------TTCCGCAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 51 
Mass16S41short      ---------------AATCTAATAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 45 
Mass16S17short      --TGTCTCATTCCGCAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 58 
Mass16S48short      ---------ATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 51 
Mass16S44short      ------TCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 54 
Mass16S1short       ----------------ATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 44 
Mass16S15Short      ----------------ATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 44 
Mass16S24short      CCCTGTCTCGACCGCAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 60 
Mass16S32short      ----------------ATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 44 
Mass16S22short      ---------ATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 51 
Mass16S5short       ----------------ATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 44 
Mass16S7short       ---------ATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 51 
Mass16S19short      ------TCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 54 
Mass16S25short      ----TCTCGATTATAAATCTAGTAAAATTGTAATTATAGTGAAGATACTATAAAATAATT 56 
                                    ***** ************************************** 
 
Mass16S46short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 114 
Mass16S14short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 107 
Mass16S6short       GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 104 
Mass16S40short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 117 
Mass16S54short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 115 
Mass16S53short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 119 
Mass16S16short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 112 
Mass16S21short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 114 
Mass16S23short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 114 
Mass16S26short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 113 
Mass16S28short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 118 
Mass16S29short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 110 
Mass16S31short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 118 
Mass16S39short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 112 
Mass16S49short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 113 
Mass16S51short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 115 
Mass16S55short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 113 
Mass16S12short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 106 
Mass16S20short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 111 
Mass16S41short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 105 
Mass16S17short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 118 
Mass16S48short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 111 
Mass16S44short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 114 
Mass16S1short       GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 104 
Mass16S15Short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 104 
Mass16S24short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 120 
Mass16S32short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 104 
Mass16S22short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 111 
Mass16S5short       GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 104 
Mass16S7short       GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 111 
Mass16S19short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 114 
Mass16S25short      GTAAGACGAAAAGACCCTATAGAGCTTAACTATATTCATATTAAATATATTCATAAATTA 116 







Mass16S46short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 174 
Mass16S14short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 167 
Mass16S6short       TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 164 
Mass16S40short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 177 
Mass16S54short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 175 
Mass16S53short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 179 
Mass16S16short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 172 
Mass16S21short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 174 
Mass16S23short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 174 
Mass16S26short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 173 
Mass16S28short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 178 
Mass16S29short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 170 
Mass16S31short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 178 
Mass16S39short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 172 
Mass16S49short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 173 
Mass16S51short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 175 
Mass16S55short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 173 
Mass16S12short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 166 
Mass16S20short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 171 
Mass16S41short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 165 
Mass16S17short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 178 
Mass16S48short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 171 
Mass16S44short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 174 
Mass16S1short       TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 164 
Mass16S15Short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 164 
Mass16S24short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 180 
Mass16S32short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 164 
Mass16S22short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 171 
Mass16S5short       TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 164 
Mass16S7short       TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 171 
Mass16S19short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 174 
Mass16S25short      TGATTTTAATTAGTATGAAAGGTAGTTTGGTTGGGGCGACCATCTTCTAAGAAAAACGAA 176 
                    ************************************************************ 
 
Mass16S46short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 234 
Mass16S14short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 227 
Mass16S6short       GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 224 
Mass16S40short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 237 
Mass16S54short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 235 
Mass16S53short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 239 
Mass16S16short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 232 
Mass16S21short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 234 
Mass16S23short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 234 
Mass16S26short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 233 
Mass16S28short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 238 
Mass16S29short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 230 
Mass16S31short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 238 
Mass16S39short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 232 
Mass16S49short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 233 
Mass16S51short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 235 
Mass16S55short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 233 
Mass16S12short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 226 
Mass16S20short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 231 
Mass16S41short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 225 
Mass16S17short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 238 
Mass16S48short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 231 
Mass16S44short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 234 
Mass16S1short       GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 224 
Mass16S15Short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 224 
Mass16S24short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 240 
Mass16S32short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 224 
Mass16S22short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 231 
Mass16S5short       GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 224 
Mass16S7short       GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 231 
Mass16S19short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 234 
Mass16S25short      GATAAGCAATGATTTTTTAATTATATCTAATCTAATTGTTTAATTAATAAATTTAACAAA 236 
                    ************************************************************ 
 
Mass16S46short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 294 
Mass16S14short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 287 






Mass16S40short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 297 
Mass16S54short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 295 
Mass16S53short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 299 
Mass16S16short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 292 
Mass16S21short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 294 
Mass16S23short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 294 
Mass16S26short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 293 
Mass16S28short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 298 
Mass16S29short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 290 
Mass16S31short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 298 
Mass16S39short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 292 
Mass16S49short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 293 
Mass16S51short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 295 
Mass16S55short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 293 
Mass16S12short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 286 
Mass16S20short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 291 
Mass16S41short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 285 
Mass16S17short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 298 
Mass16S48short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 291 
Mass16S44short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 294 
Mass16S1short       TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 284 
Mass16S15Short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 284 
Mass16S24short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 300 
Mass16S32short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 284 
Mass16S22short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 291 
Mass16S5short       TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 284 
Mass16S7short       TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 291 
Mass16S19short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 294 
Mass16S25short      TACTATCGTAGGTAATAATGACCCGTTACTATTATCAAATAAATATAACGATCAATTAAT 296 
                    ************************************************************ 
 
Mass16S46short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 354 
Mass16S14short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 347 
Mass16S6short       AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 344 
Mass16S40short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 357 
Mass16S54short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 355 
Mass16S53short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 359 
Mass16S16short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 352 
Mass16S21short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 354 
Mass16S23short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 354 
Mass16S26short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 353 
Mass16S28short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 358 
Mass16S29short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 350 
Mass16S31short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 358 
Mass16S39short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 352 
Mass16S49short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 353 
Mass16S51short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 355 
Mass16S55short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 353 
Mass16S12short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 346 
Mass16S20short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 351 
Mass16S41short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 345 
Mass16S17short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 358 
Mass16S48short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 351 
Mass16S44short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 354 
Mass16S1short       AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 344 
Mass16S15Short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 344 
Mass16S24short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 360 
Mass16S32short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 344 
Mass16S22short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 351 
Mass16S5short       AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 344 
Mass16S7short       AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 351 
Mass16S19short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 354 
Mass16S25short      AAAAGCTACCTTAGGGATAACAGCGTTATCTTGTTTAAGAGTTCTTATCGACAACAAGGT 356 
                    ************************************************************ 
 
Mass16S46short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 414 
Mass16S14short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 407 
Mass16S6short       TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 404 
Mass16S40short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 417 
Mass16S54short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 415 






Mass16S16short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 412 
Mass16S21short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 414 
Mass16S23short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 414 
Mass16S26short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 413 
Mass16S28short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 418 
Mass16S29short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 410 
Mass16S31short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 418 
Mass16S39short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 412 
Mass16S49short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 413 
Mass16S51short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 415 
Mass16S55short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 413 
Mass16S12short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 406 
Mass16S20short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 411 
Mass16S41short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 405 
Mass16S17short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 418 
Mass16S48short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 411 
Mass16S44short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 414 
Mass16S1short       TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 404 
Mass16S15Short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 404 
Mass16S24short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 420 
Mass16S32short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 404 
Mass16S22short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 411 
Mass16S5short       TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 404 
Mass16S7short       TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 411 
Mass16S19short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 414 
Mass16S25short      TTGCGACCTCGATGTTGAATTGTGATATCCTGGAGGTGTAGCAGCTTCCAAAGGTTGGTC 416 
                    ************************************************************ 
 
Mass16S46short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAAA-- 460 
Mass16S14short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAAA-- 453 
Mass16S6short       TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAAAA- 451 
Mass16S40short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAAAA- 464 
Mass16S54short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGC----- 458 
Mass16S53short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCACA-- 465 
Mass16S16short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 457 
Mass16S21short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 459 
Mass16S23short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 459 
Mass16S26short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 458 
Mass16S28short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 463 
Mass16S29short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGC----- 453 
Mass16S31short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 463 
Mass16S39short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 457 
Mass16S49short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 458 
Mass16S51short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 460 
Mass16S55short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 458 
Mass16S12short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAA--- 451 
Mass16S20short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGCAAA-- 457 
Mass16S41short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCGC----- 448 
Mass16S17short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCCGCAAA 466 
Mass16S48short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCCGTAA-- 457 
Mass16S44short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCCGCAA-- 460 
Mass16S1short       TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCCGCAA-- 450 
Mass16S15Short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTCCCGCAAA- 451 
Mass16S24short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGC---- 464 
Mass16S32short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCAAA- 451 
Mass16S22short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCAAA- 458 
Mass16S5short       TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCA--- 449 
Mass16S7short       TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCAA-- 457 
Mass16S19short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCAA-- 460 
Mass16S25short      TGTTCGACCATTAAAATCATACACGATTTGAGTTCCATTTCCGCAA-- 462 










Massachusetts COI Clustal Alignment   
 
MA7       -----------------------------CAGCAATGGTTGGAACCGCTTTAAGTATGTT 31 
MA49      --------------TATTTGGTGTATTTTCAGCAATGGTTAGAACCGCTTTAAGTATGTT 46 
MA44      ----------------------------------AAGGTTAGGACCGCTTTAAGTATGTT 26 
MA46      ---------------------TGTGATTCTCAGCGATGTTTGGACCGCTTTAAGTATGTT 39 
MA45      -----------------TTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 43 
MA9       -TATATTTTAGTTATTTGGGTGTAGTTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 59 
MA12      ----ATATTTAGTATTTTGGTGTATTTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 56 
MA37      -----------GTATTTGGTGTTATTTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 49 
MA1       CTTCCATAGGCTAGCTCGCGTGTGTTACACAGCAATGGTTGGAACCGCTTTAAGTATGTT 60 
MA32      ---------------------TGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 39 
MA4       AACATTATATTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 60 
MA36      ----------------------------------ATGGTTGGAACCGCTTTAAGTATGTT 26 
MA43      -------------------GGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 41 
MA51      -----TATATTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 55 
MA42      ---------------ATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 45 
MA40      ------------AGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 48 
MA38      -------TATTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 53 
MA29      --------------------------------CAATGGTTGGAACCGCTTTAAGTATGTT 28 
MA30      ---ATTATATTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 57 
MA31      --------ATTTAGTATTTGGTGTATTTTCAGCAATGGTTGGAACCGCTTTAAGTATGTT 52 
                                               *** * ***************** 
 
MA7       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 91 
MA49      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 106 
MA44      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 86 
MA46      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 99 
MA45      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 103 
MA9       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 119 
MA12      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 116 
MA37      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 109 
MA1       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 120 
MA32      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 99 
MA4       AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 120 
MA36      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 86 
MA43      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 101 
MA51      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 115 
MA42      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 105 
MA40      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 108 
MA38      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 113 
MA29      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 88 
MA30      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 117 
MA31      AATTCGATTAGAATTATCAGGACCAGGAGCTATGTTGGGAGACGATCAAATTTATAATGT 112 
          ************************************************************ 
 
MA7       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 151 
MA49      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 166 
MA44      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 146 
MA46      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 159 
MA45      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 163 
MA9       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 179 
MA12      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 176 
MA37      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 169 
MA1       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 180 
MA32      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 159 
MA4       TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 180 
MA36      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 146 
MA43      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 161 
MA51      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 175 
MA42      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 165 






MA38      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 173 
MA29      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 148 
MA30      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 177 
MA31      TATTGTAACTGCACATGCCTTCGTTATGATATTTTTTTTAGTAATGCCTGTTCTTATCGG 172 
          ************************************************************ 
 
MA7       AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 211 
MA49      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 226 
MA44      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 206 
MA46      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 219 
MA45      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 223 
MA9       AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 239 
MA12      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 236 
MA37      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 229 
MA1       AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 240 
MA32      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 219 
MA4       AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 240 
MA36      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 206 
MA43      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 221 
MA51      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 235 
MA42      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 225 
MA40      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 228 
MA38      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 233 
MA29      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 208 
MA30      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 237 
MA31      AGGATTTGGAAATTGATTTGTACCACTTTATATAGGAGCCCCAGATATGGCTTTTCCTAG 232 
          ************************************************************ 
 
MA7       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 271 
MA49      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 286 
MA44      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 266 
MA46      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 279 
MA45      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 283 
MA9       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 299 
MA12      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 296 
MA37      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 289 
MA1       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 300 
MA32      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 279 
MA4       ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 300 
MA36      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 266 
MA43      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 281 
MA51      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 295 
MA42      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 285 
MA40      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 288 
MA38      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 293 
MA29      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 268 
MA30      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 297 
MA31      ATTAAATAATTTAAGTTTTTGACTTCTCCCCCCTGCTTTATTTTTACTACTTGGTTCATC 292 
          ************************************************************ 
 
MA7       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 331 
MA49      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 346 
MA44      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 326 
MA46      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 339 
MA45      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 343 
MA9       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 359 
MA12      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 356 
MA37      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 349 
MA1       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 360 
MA32      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 339 
MA4       ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 360 
MA36      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 326 






MA51      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 355 
MA42      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 345 
MA40      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 348 
MA38      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 353 
MA29      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 328 
MA30      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 357 
MA31      ATTAGTTGAACAAGGAGCAGGAACTGGATGAACAGTATACCCCCCTTTATCAGGAGTTCA 352 
          ************************************************************ 
 
MA7       AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 391 
MA49      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 406 
MA44      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 386 
MA46      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 399 
MA45      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 403 
MA9       AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 419 
MA12      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 416 
MA37      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 409 
MA1       AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 420 
MA32      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 399 
MA4       AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 420 
MA36      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 386 
MA43      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 401 
MA51      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 415 
MA42      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 405 
MA40      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 408 
MA38      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 413 
MA29      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 388 
MA30      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 417 
MA31      AGCACATTCAGGGCCCTCTGTTGATATGGCAATATTTAGTTTACATGCTGCTGGAGCTTC 412 
          ************************************************************ 
 
MA7       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 451 
MA49      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 466 
MA44      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 446 
MA46      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 459 
MA45      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 463 
MA9       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 479 
MA12      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 476 
MA37      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 469 
MA1       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 480 
MA32      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 459 
MA4       ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 480 
MA36      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 446 
MA43      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 461 
MA51      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 475 
MA42      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 465 
MA40      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 468 
MA38      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 473 
MA29      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 448 
MA30      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 477 
MA31      ATCAATTATGGGAGCAATGAACTTTATTACTACTATATTTAATATGAGAGCACCAGGTAT 472 
          ************************************************************ 
 
MA7       GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 511 
MA49      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 526 
MA44      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 506 
MA46      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 519 
MA45      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 523 
MA9       GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 539 
MA12      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 536 
MA37      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 529 
MA1       GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 540 






MA4       GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 540 
MA36      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 506 
MA43      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 521 
MA51      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 535 
MA42      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 525 
MA40      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 528 
MA38      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 533 
MA29      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 508 
MA30      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 537 
MA31      GAGCATGGACAGACTACCTTTATTCGTTTGATCTGTATTAATAACTGCCTTTCTATTACT 532 
          ************************************************************ 
 
MA7       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 571 
MA49      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 586 
MA44      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 566 
MA46      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 579 
MA45      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 583 
MA9       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 599 
MA12      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 596 
MA37      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 589 
MA1       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 600 
MA32      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 579 
MA4       TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 600 
MA36      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 566 
MA43      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 581 
MA51      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 595 
MA42      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 585 
MA40      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 588 
MA38      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 593 
MA29      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 568 
MA30      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 597 
MA31      TTTATCATTACCTGTGTTAGCTGGGGCTATAACCATGTTATTAACAGACAGAAATTTTAA 592 
          ************************************************************ 
 
MA7       TACTACATTTTTTGACCCTGGCCGGTGGAGGAGATACATATT------------------ 613 
MA49      TACTACATTTTTTGACCCTGTCCGGTGGAGGAGATCCATATTCTATATCAACATTT---- 642 
MA44      TACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCAT-ATTCTATATCAACATTTATTT 625 
MA46      TACTACATTTTTTGACCCTGCCGGTGGAGGAGATCCTA--TTCTATATCAA--------- 628 
MA45      TACTACATTTTTTTGACCCTGCCGGTGGAGGGAGATCCTATTCTATATCAACATTTATTT 643 
MA9       TACTACATTTTTT----------------------------------------------- 612 
MA12      TACTACATTTTTTGACCCTGCCGGTGGAGGA----------------------------- 627 
MA37      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TCCTATTTCTATATC---------- 637 
MA1       TACTACATTTTTTGACCCTGCCGGTGGAGGAGT--ACT-ATTCTATATCAACATTTATTT 657 
MA32      TACTACATTTTTTGACTTTGCCGGTGGAGGAG---------------------------- 611 
MA4       TACTACATTTTTTGACTTGCCGGTGGATGGAGG--------------------------- 633 
MA36      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TACTATTCTATATCAACATTTATT- 623 
MA43      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TACTATTCTATATCAACATTT---- 635 
MA51      TACTACATTTTTTGACCCTGCCGGTGGAGGAG---------------------------- 627 
MA42      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TCCTATTCTAT-------------- 629 
MA40      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TCCTATTCTATATCAACAT------ 640 
MA38      TACTACATTTTTTGACC------------------------------------------- 610 
MA29      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TCCTATTCTATATCAACATTTATT- 625 
MA30      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TCCTATTCTATATCAACATTTATTT 655 
MA31      TACTACATTTTTTGACCCTGCCGGTGGAGGAGA--TCCTATTCTATATCAACATTTATTT 650 











Appendix 2:  Supplementary data used in the construction of Neighbor-joining trees found in 
Chapter 3.  
 
Table associated with Figure 6: Parametric distances base on Tamura-Nei model, (Tamura & 













Table associated with Figure 7: Parametric distances base on Tamura-Nei model, (Tamura & 















Table associated with Figure 7: Percent Identity for 16S Haplotypes and their 







Table associated with Figure 11: Parametric distances base on Tamura-Nei model (Tamura & Nei, 1993)/Heat map associated with 























Table associated with Figure 12: Parametric distances base on Tamura-Nei model (Tamura & Nei, 1993)/Heat map associated with 
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